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PEEFACE 


OuiNti to uiilnreMH'ii oiivmiuNtancps, not uiu'ounwlpd with the 
ioundalii)!! »<i' u Ht-w rniwrsity, the puMk'uUoii of this volume 
has boon umiuiy dflayotl. Sour* ]>{irts of the work huM* actually 
U*cn in tyjic for juoiv lliau four years; ami nithough the autliors 
have miufe every etfort u» kta*}! them up to date, the arrungemeiifc 
irt uaturally not <juite what it might have Ixieu if the articles 
had lafen writUm immediately hefore pubiicatitmi, 

!n view of the novelty of Afr. Ikuilenger^s classiHcatioti of 
the Teleostf*iina, and of the fact that several independent workers 
have lH*en m-r-upying Iheiaselves with the subject during tlm 
last year or two, it is fair to state tlmt this part of the volmue 
was eompleltal in 1 1)0 2. Professor llerdiuau's account of the 
Aacnilians was ready for puhlicaticm two ymn earlioi*. 

Professcjr Bridge wishes to express his best thanks to Dr, 
Ih If, Tmqimir, F.R.B., for his kimlnesB in reading the proojfc of 
the |«iges which deal with the fossil Croasopterygii, (^hondrostef, 
Ilolostei and Dipnoi, and for much helpful advice and criticism; 
tt» Mr. (h A. Boulenger, FII.S., for his valuable and suggestive 
criticism on certain jaiints; and to Mr. Fldwin Wilson, for the 
care which he has tiiken in the preimration of the figuim 
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SCHEME OF THE CLASSIFICATION ADOPTED 
IN THIS BOOK 


The maaeti of ijUtid tjroup:^ are printed in itnlm. 


GHOBDATA (p. 3). 

I. HEMICHORDATA (i>. 


Oitler. 

ENTERO- 

PNEUSTA 

{p. r.) 

PTERO- 

BRANCHIA 

(p* 21) 

l&HORONIBEA 

(p* 27) 

LARVACEA 

(p. 


FainU> . 

01an»li<*ipitidae{p. 17). 
PtyehoiUTulae (p. 17^ 
Hardmjiuiidae (p. 17/. 


n. TOOCHORDATA-TUNICATA (pp. 4, 35, 63). 


Hiili.uiilt’r 


ASCIBI* 

ACEA 

(p. 70) 


THAEI- 
AOBA 
(p. 95) 


ABcldiae 

Siimplioes 

(P^ 71) 


Asddifte 

Oomposit&e 

(p. 80) 


A«oidiae 

Enciae 

(p.90) 

f Cyclom|iiria 

1 H^niimTaxia 
I {p. 101) 


Paiiul) . 

Kowalcv’skiiiiao (p, 68). 
Appuiidictilariidau 

(p. 68). 

Clavdinidao^p. 71). 


8iib-FatmIy. 


Atjciiliidae (p. 72). ^ 


Cynthiidac (p. 74). 

, MolguHdao (p. 77).^ 

( Distomatidae (]>. 85).^ 

atsll't'i.ri 

Diploaomatidae fp. 87). 
Folyelinidao (p. 87).'^ 
Holosomata / Botrylltdae (p, 88). ^ 
(p, 88) \ Polystyelidae (p. 89). 

Pyroaomatidae (p. 01), 

DoUolidae (p. 96). 

( Salpidae (p. 101). 

\ Octaojiemidae (p. 108), 
xi 


I" Hypobythiiiiat* 

"j Awii^linae Uk 72). 
[ Corollinao (p, 73). 
jfStyeliuHo (p. 74). 

Cynthiinae (p. 75). 
(, Bolteniuae (p. 75). 
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SCHEMA or CL‘\SS1FICATI0N 


‘sub Class 


ELASMO 

BRANCmi 

(P 431) 


TELEOSTOMI 

(P 475) 


III CEPHALOCHOEDATA (pp 4, 112) 


I iimly 

Bi anchiostoiii atidae 
(p 137) 

IV CEANIATA (pp 4, 141) 

Class— Cyclostomata (pp 146,150 421) 


Or iPi ‘sub Order 

Myxinoides (p 421) 

Petromyzontes 
I (P 425) 


I iinilj 

f MyMnid le (p 422) 

( Bdellofatoniatidae (p 423) 

Pctioniyzoiitidae (p 426) 


Class— Pisces (pp 145, 431) 


Pleuropturtgii 
(p 436) 
ICIITHi OTOVI 

(P 438) 
ACi^THODhl 
(p 440) 


Plagiostomi (p 442)-! 


Holocepliali (p 466) 


Crossopterygii 

(P 476) 


Chondrostei 

(P 485) 


LladosdaOndat (p 438) 

Plewiacanthidae (p 440) 

J Di'pUcmtliidae (p 441) 

\ Acanfhothdac (p 441) 
Notidamdae (p 442) 
Clilamydoselacliidae (p 443) 
Heteiodoutidae (p 444) 
Oochhodontidac (p 445'> 
Psammodonhdae (p 446) 
Petalodontidae (j) 446) 

. Scyllndae (p 446) 

Selaclm(p 442) -{ Caiclianidae (p 448) 
Spliyimdae (p 449) 
Lammdae (p 450) 
Cctoihinidae (p 453) 
Rlunodontidae (p 454) 
Spinacidie (p 454) 

Rhinidae (p 456) 
Piistiophoiidae (p 457) 
(^Piistidae (p 45^) 
Rhmobatidae (p 460) 

, Raiidae (p 461) 

Batoidei (p 457) ■{ Tcmwhat%dae (p 462) 
Toipedinidae (p 462) 
Tiygonidae (p 464) 

, Myliobatidae (p 466) 
r Ptyctodonfidae (p 468) 

I BqucdoTWhidae (p 468) 
i Myna^mthidae (p 468) 

I CSimaeridae (p 468) 

( Osteolepidae (p 477) 
RUzodont%dae 478) 
ffoloptydhidae (p 479) 
Codacanthidac (p 480) 
Cladistia(p 481) Polyptendae (p 481) 

I" Palaeommdae (p 486) 
Plaiysomidae (p 487) 
Belonorhynchidae (p 488) 
Oatoptendae (p 488) 

Okondi oUeidae (p 489) 
Polyodontidae (p 491) 

I Acipensendae (p 492) 



SCHEMl OF CLASSIFICATION 


Xlll 


Sub Class Order 


Holostei 

(p 495) 


TELEO 

STOMI 

{Lontd ) 


Teleostei 
(PP 504, 
641) 


Sub Older 


Ostano- 

physi 

(P 573) 


Malaco 

pterygu 

(P 543) 


Pamilj 

Semionotidae (p 497) 

Mau osLMiidae {\) 498) 
PycnodoiiUdae (p 498) 
Pugnatkidae (p 498) 
Amiidae (p 499) 

[auh }jLOi midae (p 501 ) 
Ispido'i'hy'ihchidae (p 502) 
[ Lcpidosteidae (p 502) 
Fholidophoi ulae (i) 54f) 
bchaeomacmdae (p 545) 
Oh I op Uxi ) idae ( p 545) 
Lepfohpidvdap (p 546) 
Llopidae (p 546) 
Albiilidie (p 647) 

Moimyiidae (p 519) 

Hyodontidie (p 5 '>2) 
Notopleiidie (p 5»>4) 
Obtcoglossidae (p 555) 
Pantodontidae (p SIS) 
Ctcnotlii ibsidac {p 559) 
Pinactolaemidae(p 560) 
JSamodovhdae (p 561) 
Chiioceiitiidae (p 561) 


Clupeidae (p 562) 


Salinonidae (p 666) 
IPaehxp hi„odotiiidai 
(P 569) ] 

Alepoceplialidae (p 569) 


Stomiatid le (p 570) 


Gonoihyncliidae (p 572) 
Ciomeiudae (p 573) 


Ohaiacimdae (p 675) 


Gymnotidae (p 679) 


Oypnmdae (p 581) 


bub Family 


Moimyiinao (p 551) 
Gymnaicliinae (p 561) 


Thiibsopatiinae 
(p 562) 

Engiaulinae (p 563) 
Clupeinae (p 563) 
Cliauinae (p 563) 


Gliauliodontinae 
(P 571) 

Steinoptyclimae 
(p 571) 

Stonnatmae (p 671) 


Eiythiininae (p 575) 
Hydrocyomnae(p 576) 
Seiiasalmoninae 
(P 576) 
Ichthyoboriiiae 
(p 576) 
Xiphostominae 
(p 576) 

Anostommae (p 576) 
Hemiodontniae 
(P 576) 

Distichodontinae 
(P W6) 

Cithaiininae (p 576) 

Catostominae (p 581) 
Cyprminae (p 582) 
Cobitidmae (p 582) 
Homalopteimae 
(p 582) 


Continued on the next page*) 



SCHEME Ol* CLASSIUCATION 


Subclass Older SubOidei 

Perce 

soces 

[tonfd ) 


Anacaii- 

thmi 

(p 646) 


TELEO 

STOMI 

[tontd ) 


Tele 

ostei 

{uontd ) 


Aoantho 

pterygu 

(p 660) 


{Contimied on the next jpage ) 


DiMbion r'linilj 

' Spliyiatmdae (p 642) 
Ictiagonmidac (j) 642) 
Stiomateidae (p 643) 
i Icobteidae (p 644) 
Ophioceilialidae(p 644) 
I Anabantidae (p 645) 

( Maciuiidae (p 647) 
Gadidae (p 647) 
Muiaenolepididae 
(p 649) 

Berycidae (p 655) 
Monocentndae (p 666) 
Pemplieridae (p 666) 
Centiaicliidde (p 657) 
Cyphosidae (p 657) 
Lobotidae (p 658) 
To\otidae (p 658) 
Nandidae (p 668) 
Pcicidae (p 658) 
Aciopomatidae (p 659) 


Seiianidae (p 659) 


Perci 

formes 

(p 652) 


Anomalopidae (p 660) 
Pspudoclii omididae 

(p 661) 

Oepolidae (p 661) 
Hoplognatlndae (p 662) 
Sillaginidao (p 662) 
Sciaemdae (p 663) 
Genidae (p 663) 
Lactaiiidae (p 668) 
Tnchodontidae fp 663) 
Latrididae (p 6b3) 
Haplodactylidae (p 664) 
Pristipomatidae (p 664) 
Spandae (p 664) 
Mulhdae (p 665) 
Scorpididae (p 666) 
Oaproidae (p 666) 
Chiaetodontidae (p 667) 
Drepanidae (p 668) 
^Acanthundae (p 668) 


bub Familj 


Seiianinae 
(p 659) 
Giammistiiiae 
(p 660) 
Piiacantliinae 


(p 660) 

Centiopominae 

(p 660) 

Pomatoiumae 

(p 660) 

' lassiiiao 
(b 660) 

Chilodiptennae 

(p 660) 

Lutjamnae 

(p 660) 

Oiiihitiuae 


Aniba 


(p 660) 

Pentacerotinae 


L (p 660) 



SCHEME or CLASSIFICATION 




Sub Class Oidei 


TELEO 

sTom 

{tontd ) 


Teleostei 

{contd ) 


Sub Older 


Ostaxio 
physi , 

{tontd ) 


Sym 

branchu 

(P 597) 


Apodes 

(p 599) 


Haplonu | 

(p 605) " 


Heteroxm 

(P 621) 


Catosteomi 

(p 626) 


Percesoces 

(p m) ' 


I imilj 


SiluTidae (p 586) 


Loiicaindae (p 591) 
Aspredinidae (p 596) 

Symbranchidae (p 597) 
Aniphipnoidae (p 598) 

Anguillidae (p 600) 
Nemichthyidae (p 603) 
Synapliobi anclndae 
(p 603) 

Saccopharyngidae (p 603) 
Muiaemdie (p 604) 
Gala\iidae (p 607) 
Haplocbitomdae (p 608) 
DnJiodontidae (p 608) 
Ebocidae (p b09) 

Dalludae (p 610) 
Scopelidae (p 611) 
Alepidosaiuidae (p 614) 
Cetomimidae (p 614) 
GMrotlinc'idae (p 615) 
Kneriidae (p 615) 
Cypunodontidae (616) 
Amblyopsidae (p 618) 
btepbanobei ycidae (p 619) 
Peicopsidae (p 620) 
Dercehdae (p 623) 
Halosauridae (p 623) 
Lipogenyidae (p 624) 
Notacanthidae (p 624) 
Fieiasfendae (p 625) 
Lampiididae (p 628) 
Gastiosteidae (p 629) 
Auloibynchidae (p 631) 
ProtosyngmtMdae (p 631) 
Aulostoniatidae (p 632) 
Fistulamdae (p 632) 
Centnscidae (p 633) 
Ampbisilidae (633) 
Solenostomidae (p 633) 
Syngnatludae (p 634) 
Pegasidae (p 635) 
Seombie'?ocidae (p 637) 
Ammodytidae (p 639) 
Atbenuidae (p. 639) 
Mugxlidae (p 640) 
Polyneraidae (p 640) 
Obiasmodontiaae (p 641) 


Sub Family 
"Clainnae (j) 588) 
Siluiiiiae (p 588) 
Bagniiae (p 588) 
Doiadiiiae (p 588) 
Malopteiuiiiiae 
(p 588) 
Calliclitliyiiiae 
(p 588) 
pophthalmmae 
(p 589) 

Tnchomycteiinae 
(1 589) 

f Aiginae (p 595) 
(Loiicaiiinac(p 596) 


= Selenicbtliyes 
] (p 627) 


I — Heniibranchii 
I (P 627) 


\ = Lophobianchii 
/ (v 628) 
=HypostoTnides 

(p 628) 


{Oi iituiued on the next page ) 



XVI 


SCHEMiV UJ? ULAbbll<iC.A LJLWiN 


Sub Class Older Sub Oidei 


TELEO- 
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SCHEME OF CLASSIFICATION 


XVll 


* .» ^tb-Clas& 

T£LE 0 - 

STOMI 

{eotitimied) 


Order. 

Sub-Order. 

Teleostei 

PlectoguatM 

{continuedy 

1 (p. 721 ) ' 


1 


Division. 


Sclerodermi 
(p. 722) » 

Grynmodoutes 
(p. 725) 


DIPNEUSTI 
= DIPNOI - 

' (p. 505) 


/ 


Famil}'. 

{ Triacanthidae (p. 722). 

I Triodontidae (p. 723). 

'| Balistidae (p 723). 

V Ostracionlidae (p. 724). 

{ Tetrodoijtidae (p. 726). 
Diodontidae (p. 726). 
Molidae (p. 726). 

{ CtenodoTdidae (p. 505). 

J Umiemidae (p. 507). 

Ceratodontidae (p. 507). 
\ Lepidosirenidae (p. 511). 


OF UNCERTAIN POSITION 


PALAE0SP0NX>yL2DAE (p. 5M). 


OSTRACODERMI (p, 522| 


Antiarchi (p, 532) 
jRTHROJDIRA^i'P^ SSS}** 


Order. 

Eeterostraqi (p. 524) 

OSTBOS•rRAC^ (p. 527) 

, Anaspjea (p. 531) 


Family. 

C Coelolepidae (p. 524). 

J Drepana^idae (p. 525). 
1 Psammosteidae (p. 526) 
i Pt&raspidaA (p. 527). 
r Ateleaspidae (p. 528). 

4 Cephalaspidm (p. 528). 

[ Tremataspidae (p. 530). 
Pirkeniidae (p. 531). 
Asterolepidae (p. 634). 
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CHAPTEE 1 

HEMICHORDATA 

CHORDATA AND VERTEBRATA — HEMICHORDATA — ENTEROPNEUSTA 
— EXTERNAL CHARACTERS AND HABITS — STRUCTURE — GENERA 
— DEVELOPMEJSfT — PTEROBRANCHIA — CEPHALODISCVS AND 
RHABDOPLEURA — PHOEONIDEA — PSOROJSfJ}$ AND ACTINO- 
TROCHA — AEEINITIES OE THE HEMICHORDATA. 

The Hemichordata, a marine group which includes the worm-like 
Balanoglossus, owe much of their interest to the fact that they 
are believed by many zoologists to be related to the lower Verte- 
brates. This view is one of a number of mutually exclusive 
hypotheses, which seek to derive Vertebrate animals from various 
Invertebrate ancestors. It is supported by many striking re- 
semblances between Balanoglossus and the lowest forms which 
are by common consent regarded as belonging to the Vertebrate 
alliance ; but it must be distinctly understood that Balanoglossus 
is at most the much modified modern representative of extinct 
forms which were also the ancestors of Vertebrates. ^ 

The axis of the backbone of all Vertebrates is ' formed by an 
elastic rod known as the notochord ” (Figs. 72, 115), which laeta 
throughout life in some of the lowest forms, but in tb^ higher 
forms appears only in the embryo. The universal occurrence 
of this toucture has been regarded as the most important 
characteristic of the Vertebrata and their’ allies, which are 
accordingly grouped together in the Phylum CHOEfiATA. 
The' members of this Phylum are further^' distinguished from 
other animals hy several important f^fexes. Of these;.; one of 
the most important appears to be thr existence of lateral out-. 

^ . 3 ^ ’ 
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growths of the pharynx, which imite with the skin of the neck 
and form a series of perforations leading to the t^xtcrior. These 
structures are the gill-slits, and in the Fishes their walls give 
rise to vascular folds or gills. "With the assumption of a terres- 
trial life, the higher Vertebrates lost their gills as fuiu*tional 
organs, respiration being then performed by entirely diflerent 
organs, the lungs But even in these eases, the gill-slits appear 
in the embryo; and remains of one pair can usually be rec’Oguxsed 
in the adult state of even the highest Vertebrates. Anothtu' 
fundamental characteristic of the C^hordata is given by tlu^ 
central nervous system, which lies entirely above the alimentai'y 
canal, just dorsal to the notochord. FTot only does this position 
of the nerve-centres distinguish the Chordata from Invertebrates, 
but a further point of difference is found in the development. 
While in Invertebrates the ventral nerve-cord is formed as a 
thickening of the ectoderm or outermost layer of tlic embryo, 
in the Chordata the nervous system is usually formed as a longi- 
tudinal groove running medianly along the back of the embryo. 
This groove closes to form a tube of nervous matter, the cavity 
of ^hich always persists throughout life as the “ central canal ” 
of the spinal chord and its anterior prolongation which con- 
stitutes the ventricles ” of the brain. 

Although the animals which are considered in this chapter arc 
not admitted by all zoologists to be related to the Vertebrates, 
there can be no question that their respiratory organs closely 
resemble typical gill-slits. Since, moreover, they possess struc- 
tures which can be regarded, with a fair amount of probability, 
as agreeing in essential respects with the notochord and the 
tubular dorsal nervous system of Vertebrates, it appears justi- 
fiable to include them in the Chordata, which are then sub- 
divided into (1) Hemichordata, in which a notochord” occurs 
in the anterior end of the body only; (2) UuocnoBDATA (Tunicata 
or Ascidians), in which the notochord is restricted to the tail ; (3) 
Cetoalochordata (Amphioxus), in which the notochord extends 
the entire length of the body cmA of the head ; (4) CiiANiATA, in 
which a brain is developed as an enlargement of the central 
nervous system, the notochord does not extend farther forward 
than the middle of the brain, and a vertebral column is present. 
These last are thus usually known as Vertebrata, although in dis- 
tinguishing an Invertebrate ” from a " Vertebrate ” it is more 
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logical to regard all Chordata as Vertebrates, since the Inverte- 
brata are in no sense a natural group with common charac- 
teristics, their union under one name merely implying that they 
have no close affinity to the Vertebrates. It is often convenient 
in practice to divide animals into Vertebrates and Invertebrates, 
but from a zoological point of view a division of the animal 
kingdom into Molluscs and Non-Molluscs would have as much 
or as little significance. 

The sub-phylum Hemichordata ^ consists of the Orders : — (I.) 
Enteropneusta,^ including Balaiioglossus (Fig. 1) ; (II.) Ptepo- 
BRANCHiA,^ represented by the genera Ce^phalodisais (Fig. 9) and 
Rlhabclo;phuTa (Fig. 12). To these should possi])ly be added 
(III.) Phokonidea, for the reception of Phoronis (Fig. 13). 

Order I. Enteropneusta. 

Wormdike Hemichordata, with numerous gill-slits, a straight 
intestine, and a terminal anus. Proboscis se^parated by a narrow 
stalk from the simple ring-shaped collar, which is succeeded by an 
elongated trunk. 

The structure of Balanoglossus, formerly the sole genus 
belonging to this Order, but now divided^ into the genera 
Ptychodera, Balanoglossus, Glossobalanus, Qlandiceps, Spengelia, 
Schizocardium, Harrimania, Dolichoglossus, and Stereobalanus, 
has of recent years formed the subject of elaborate investigations 
by Spengel,® Bateson,^ and Willey.^ More than thirty species 
are known, ranging in length from 25 mm? {Pt. bahamensis) to 
2500 mm. {B, gigas), and for the most part inhabiting shallow 
water ; Glossobalanus sarniensis occurring between tide-marks in 
the Channel Islands. Glandiceps tcdaboti has, however, been 
dredged near Marseilles from as much as 190 fathoms, while 

^ Bateson, Quari, J. Micr, Sci. xxv. Suppl. 1885, p. 111. 

^ Gegenbaur, Qrundzilge vergl. Anat. 2 ed. 1870, p. 158. 

Lankester, Quart. J. Mkcr. ScL xvii. 1877, p. 448 (s^Aspidopeora, Allman, 
J. Linn. Soc. xiv. 1879, pp. 490 n., 586). 

^ Spengel, Zool. Jahrb. Syst. xy. 1902, p. 209. 

® Fauna u. Flora Q.v. JN'eapel, 18 Monogr. 1893 (reviewed by MacBride in Quart, 
J. Micr. Scfi. xxxvi. 1894, p. 385) ; Zool. Jahrh, Anat, xviii. Pt. ii. 1903, p. 271. 

« Quart. J. Micr. Sd. xxiv. 1884, p. 208 ; xxv. 1885, p. 81 ; xxvi 1886, 

pp. 511, 635. 

^ Zool. Results, Part iii. Cambridge, 1899, p. 223. ® = 1 inch. 
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G, abyssiGola was found by the “ Challenger” at a depth ot 2500 
fathoms, off the West Coast of Africa. Balanoglossus, the largest 
genus now recognised by Spengel, appears to be practically 
world-wide in its distribution; Schizocardium is recorded from 



Fig. 1. — Forms of Balanoglossus. Balanoglossiis clwoigefrm^ Eschsch., Naples, x 

B, Glandi(xp$ hachsi, Mar. (incomplete), Japan, x 1 ; C, Schvsocaydiumlroksdiense, 
Speng, Rio de Janeiro, x 1 ; D, Dolickoglossus kowcdevskvi^ A.Ag , Chesapeake 
Bay, X 1. a. Anus ; a6, abdominal and caudal regions , 6, branchial region ; c, collar ; 
p, genital region , gji, gill- pore ; p.w, genital wing ; hepatic region ; wi, position 
of mouth j jj, proboscis ; t, trun'L (A, B, and C from Spengel ; D from Bateson.) 

both sides of S, America; Glandicejps from the Atlantic, the 
Mediterranean, Japan, and the Indian Ocean; Sjpengelia from 
the South Pacific; and other species from the White Sea to 
Kew Zealand. The habitat is usually sand or gravelly sand, 
in which the animal forms a kind of tube by means of the 
abundant mucus secreted by its sHn. BoUchoglossm kowaievshii 
(Pig. 1, D), according to Bateson,^ lives between tide-marks at a 
^ Quart J Mwr 8d, xxiv. 1884, p. 209. 
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depth of about eight inches. The greater part of the body is 
coiled in an even, cork-screw-like spiral, while the anterior end, 
including the front part of the branchial region, is maintained 
in a vertical position. The posterior end is also kept upright, 
and can be moved up and down in a vertical shaft opening on 
the surface, thus enabling the animal to eject the undigested 
sand from its anus. 

The coloration of Balanoglossus is often brilliant. That of 
D, howalevshii ^ is as follows : — The ‘"proboscis ’’ (cf. Fig. 1, B, _p) 
is yellowish white; the “collar” (r) is brilliant red-orange 
(especially in males), with a white ring posteriorly ; the “ trunk ” 
(t), the subdivision of which into “ branchial,” “ genital,” “ hepatic,” 

“ abdominal,” and “ caudal ” regions is better indicated in other 
species (Fig. 1, A, 5, g, A, ab), is orange-yellow, shading to green- 
yeUow in the semi-transparent caudal region. The genital region 
is grey in females and yellow in males, a sexual difference in 
colour being common in Enteropneusta. The hepatic papillae of 
other species may be bright green. 

The odour of D. howcdemlM resembles that of “ chloride of lime 
with a faecal admixture,” while that of Balanoglossus auranticmis ^ 
suggests iodoform. All Enteropneusta are said to have a more 
or less offensive smelL A species of Balanoglossus is known to 
be intensely phosphorescent.^ 

The mouth (Fig. 7, m) is situated on the ventral side, at the 
base of the proboscis, and is concealed by the free anterior edge of 
the collar, which encircles the thin “proboscis-stalk” (Fig. 3,p.s). 
The animal has the singular peculiarity of being unable to close 
its mouth ; ^ and thus, as it burrows through the ground, the 
sand which passes into the alimentary canal leaves it in a 
continuous column through the terminal anus.*^ The large coiled 
“ castings ” formed in this way between tide-marks enable the 
experienced collector to infer the presence of Balanoglossus ; and 
in a West Indian species described by Willey® they are so large 
as to form “ an important feature in the landscape at low tide.” 

The principal agents in burrowing are the proboscis and collar. 
An animal observed by Spengel pushed the tip of its proboscis 
into the sand, waves of muscular contraction meanwhile passing 

^ Quwrt J, Micr, Sci, xxv. SuppL 1885. p. 91. 

^ Pouchet, O, Ac. Sd. cii. 1886, p. 272. 

® Kowalevsky, MSrti. Ac. St Fetersb. (7) x. No. 3, 1866, p. 7. 

^ Spengel, Mmogr. p. 474. ® Zool. JRes. Pt. iii. 1899, p. 256. 
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over the surface of the proboscis. At first the animal made slow 
progress; but the collar, becoming surrounded by sand, soon 
became a point of resistance by means of which the proboscis 
could bury itself yet more deeply. The animal quickly disap- 
peared as soon as the first two regions of its body were engaged 
in the task of burrowing ^ 

This action is due partly to the muscles of the body-wall, but 
largely to the power possessed by the proboscis and collar of 
becoming swollen and turgid. Spengel has observed that these 
parts become flaccid when the animal is taken out of water, and 
can only swell again when it is replaced therein ; and it may thus 
fairly be concluded that the enlargement is due to the taking in 
of water. This is probably in fact the most important function 
of the proboscis-pore ” and of the collar-pores ” which are de- 
scribed below 


Body- Cavities. — The existence of five separate body-cavities 
(Fig. 2) is one of the most fundamental facts in the anatomy of 



Balanoglossus. The first body-cavity, or 
cavity of the proboscis is single 

and unpaired, the second body-cavities 
(h.c^) are paired spaces, one belonging to 
each side of the collar , the third body- 
cavities (jbc^) are similarly paired, and 
correspond with the trunk. While there 
is no conjuexion between successive body- 
cavities, there are in certain regions com- 
munications between the two cavities of 


Fig. 2.— Diagram of a dorsal ^^6 same pair. Each of the paired 

view of a Balanoglossus- cavities is at One time a closed lateral 

embryo, after the foima- , ^ ^ , 

tion of the body-cavities. Space between the skin and tJie ahmentary 

a, Alimentary can^ , b.c\ canal. As the two spaces wliicli con- 

oody-cavity of the pro- . ^ 

hoscis , b.c^ of the collar; stitute the pair grow towards one another, 
B^on^)^^ above and below the ahmentary 

canal, they come into such close apposi- 
tion that they remain separated only by their conjoined walls. 
In this way are formed the dorsal and ventral mesenteries (Fig. 
4, d.m, v\ the former being the only one to persist in the higher 
Vertebrates. The body-cavities of the adult become to a larger ex- 
tent disguised by being traversed by connective tissue and muscles. 


^ See also Ritter, Biol, Bull, in. 1902, p. 265. 
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The hinder pait of the proboseis-cavity is divided by the 
forward growth of the notochoid (Tig 3, n) into doisal and vential 
portions The dorsal cavity in extending backwards becomes 
further subdivided into light and left 
hah es, the latter typically opening dors- 
ally to the exterioi on the proboscis- 
stalk by an asymmetrical pioboscis-poie 
(PP) Two symmetrical pioboscis-pores 
may, however, occur, or a median pore 
connected with the left dnision of the 
pioboscis-cavity These may be indi- 
vidual variations within the limits of a 
single species, or may occui as a noimal 
feature of a species 

The collai -cavities open by two collar - 
pores ” (Fig 3, c ^9 ), situated at the 
posterior end of the collar, into the fiist 
pail of gill-pouches, near their external 
openmg Willey has iQpently described ^ 

\estigial poies m relation with the "'peii- 
haemal spaces,” a pair of dorsally situated 
outgrowths of the third body-caMties 
into the collar-region Narrow " peri- 
pharyngeal spaces,” also a forward growth end 

of the third body-cavities, closely invest DoUchogiossmhwcdemin, 
the pharynx in some species 

Body-Wall and Nervous System — 

The body- wall (Fig 4) consists externally 
of a thick ciliated epidermis {e), con- 
taining numerous gland-cells which secrete 
an abundant mucus Beneath the epi- 
dermis is a basement-membrane, while 
more internally are layers of muscles, 
whose arrangement dijBfeis in different 
parts of the body and in different species 

The nervous system consists of a plexus of cells and fibres 
which lie in the basal part of the epidermis of all parts of the 
animal, outside the basement membrane , the thicker portions of 
the plexus forming definite nerve-tracts This intimate connexion 

1 Zool Mes 111 1899, pp 273, 280 



X 3 c. Collar , c w cir 
cidar nerve , tjp, collar 
pore , d, dors'll nerve 
gill poie , notocliord , 
n s, central nervous ays 
tern, showing the anterior 
and posterior neuropores , 
Pi proboscis , p p, prohos 
CIS pore , p Si proboscis 
stali , ti trunk , t, ventral 
nerve The nerve plexus 
of the proboscis is repre- 
sented as a black line. 
(After Bateson ) 
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between the epidermis and the neivous system is usually lestiicted 
to embryonic life in othei animals 

The nerves of Balanoglossus aie a doisal and a veiitial 
tiact in the tiunk legion (Fig 4, d n, i n), a ciiculai tiact 
(Fig Sycn) connecting these two at the posteiioi edge of the 
collar, and a strong coneentiation of iieive-tissue lound the whole 
ot the prohoscis-stallc, and of the posteiioi end of the proboscis 
(Fig 3) In the legion of the collar the nei\on& system attains 

its highest develop- 
ment, taking the 
9 foini of a median 
cold passing above 
the ah mental y 
9 IP canal This cord, 
known as the ceii- 
tial nervous system 
(Fig 7, ns), luns 
^ thiough the cavity 
of the collar, but is 
b connected with the 
epidermis at each 
end It thus be- 
comes continuous 



Fig 4 — Ptychodeia laJia'inensi% Bahama Is Transverse 
section through the hxanchial region Branchial 
part of pharynx , h c®, thud body cavity ; d m, dorsal 
mesentery , d n, dorsal nerve d v, dorsal vessel , e, 
epidermis, with nerve layer (black) at its base , y, genital 
wmg , grp, giU pore, encroached on by the tongue bar 
(t ) , I, lateral septum , m, longitudinal muscles , o, 
oesophageal or alimentary part of pharynx r, repro 
ductive oigan , t, tongue bar , v, ventral mesentery and 
vential vessel , v n, ventral nerve (After Spengel ) 


111 front with the 
nerve-layer on the 
proboscis - stalk, 
while posterioily it/ 
passes into the doi- 
sal and the circular 
nerve - tracts In 


neatly all cases the epidermis is pushed into the cord at the 
points where it passes into the skin, in the foim of an anterior 
and a posterior “neuropore” (Fig 3) A transverse section 
through the extreme front or hind end of the collar accord- 


ingly shows a tubular nervous system In certain species, 
as in Qlossobalanus sa/rniensis and Ptychodera flava, a central 
canal, opening in front and behind, exists throughout the entire 
length of the central nervous system, while in G m%nui%s a 
canal of this kind occurs in the young animal, but not in the 
adult The central nervous system is developed as a longitudinal 



I 


ALIMENTARY CANAL — GILL-SLITS 


I I 


dorsal groove in the larva/ and in a similar manner in the collar 
which is formed as the result of regeneration after injury/'^ 
Balanoglossus is thus typically provided with a dorsal, tubular, 
central nervous system, and although this arrangement does not 
extend beyond the limits of the collar, it shows a noteworthy 
resemblance to Vertebrate animals. 

In some cases the central nervous system is connected with 
the dorsal epidermis by a varying number (1-17) of median 
roots,” which have been compared by Bateson with the dorsal 
roots of the spinal nerves of Amphioxus, and are probably 
remains of the embryonic connexion of the collar nervous system 
with the dorsal epidermis. 

Alimentary Canal. — The mouth (Fig. 7, m) leads widely into 
the alimentary canal, which, passing through the collar, enters 
the branchial region, where it is characterised by the existence 
' of communications with the exterior. These, the gill-slits, are 
developed, as in Vertebrates, as paired outgrowths of the 
alimentary canal, and new gill-slits are constantly being formed 
at the posterior end of the branchial region with advancing age. 
The maximum number of the gill-slits, and the extent of the 
branchial region, are by no means uniform throughout the 
Enteropneusta. Thus Dolichoglossus otagoensis is said to have 
no more than 12 pairs, Glossobalanus minutus only 40 pairs, 
while Balanoglossus aumntiacus may have as many as 7 0 0 pairs. 
In Btyc\od&ra jia^oa the variation is so great that Willey dis- 
tinguishes® two extreme conditions as "" macrobranchiate ” and 
brachybranchiate ” respectively, although intermediate con- 
ditions are also found. It should be noted that Balanoglossus 
agrees with Amphioxus in the indefinite number of the gill- 
slits. 

The gill-slits usually have the form of the so-called “ branchial 
pouches ” or “ gill-sacs ” (Figs. 5, 6 , g.s). Each ordinarily opens 
to the exterior by a small pore (Fig. 1, D, 5, g/p) or slit, situated 
on the dorsal side, in a shallow longitudinal groove not far from 
the middle line. The gill-sac has a complete wall of its own, 
and lies between the alimentary canal and the body-wall, com- 
municating with the former by a U-shaped slit. While a dorsal 

^ Morgan, J. Morghol. v. 1891, p. 422 ; ix. 1894, pp. 44, 48, 72. 

® Willey, ZooL Hes. Pt. iii. 1899, p. 246. 

* Zool, Res. Pt. iii. p. 228. 
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view of the animal thus shows a linear series of simple pores, a 
view of the pharynx from the inside appears as in Fig. 5. 

At the hind end of the pharynx the inner opening of the 
developing gill -sac is circular. Slightly further forward the 
dorsal side of the*" pore is indented into a crescent, which grows 
longer in a dorso-ventral direction, and becomes a U, whose two 
limbs are nearly separated by a mass of tissue, the so-called 
tongue-bar '' (Fig. 5, j 5). The special interest of this mode of 
development is that it is identical with what occurs in Amphioxiis 
(p. 120), which is universally admitted to belong to the Chordata. 

The gill-sacs of Balanoglossus follow one another closely, 
the hind wall of one being in contact with the front wall of 
the next, and constituting a “branchial septum” (Ks), Both 



septa and tongue -bars are 
supported by chitinous rods,, 
which are special thicken- 
ings of the membrane at 
the base of their epithe- 
lium. Two rods occur in 
each tongue-bar, separated 
by an interval of body- 
cavity (Figs. 5, 6), and only 
one rod in each septum. 
Originally of this form 
— nn nn — the rods have 
joined in pairs, the united 
limbs forming the single 
rod of each branchial sep- 


Fiq. 5. — Diagram of two ^11-sacs of Baiano- tum. In this respect again 
glossus, seen from the inside of the pharynx. -i • 

Branchial skeleton, consisting of a single have a Similarity be- 

forked bar m eack -branchial septum (J.s), ftreen BalanOgloSSUS and 
and of two bars in each tongue -bar; g.p, . ... ° j. j. * 

gill-pore, openmg on the dorsal surface of AmphlOXUS, except that in 

the trunk ; g.s, giii-s^ ; s, synapticuhmi ^he latter the concrescence 
(only one or two shown) ; tongue-bar. The 

arrows indicate the communications of the proceeds One Step farther, 

tongiie-bar unite, like those 
of the branchial septum. The latter, the so-called “primary” 
skeletal rods of Amphioxus, are forked ventrally as in Balano- 
glossus (Fig. 5). 


In Amphioxus, as in most Enteropneusta, adjacent rods are 
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connected at intervals bj cliitinous synapticula ” (Fig. 5, 5 ), 
which traverse one or the other of the halves of the gill-slit. In 
Dolichoglossusj where no synapticiila occur, the tongue-bars may 
be turned inside out by slight pressure, and then project to the 
exterior through the gill-pores. ^ 

The subdivision of the branchial region of the alimentary 
canal into two parts, as shown in Fig. 4, is characteristic of 
Glossobalanus and its allies. In Dolichoglossus and Glandiceps 
there is no such constriction, the region occupied by the gill-slits 
being merely the dorsal half of a tube with a simple circular 
section. Schizocardium (Fig. 

6) agrees with Amphioxus 
in the fact that the gill-slits 
occupy nearly the whole of 
the wall of the pharynx; 
the only parts not perfor- 
ated by gill-slits being the 
small dorsal and ventral 
portions. 

In Ftychodem (Fig. 4), 
the gill-sacs are practically 
absent. The U-shaped slits 
of the pharyngeal wall thus 
open directly to the exterior,^ 
and can be seen from the 
outside. In species which 
have this arrangement, the 
genital wings are greatly 
developed, so as to arch over 
the back of the branchial 
region. The gill-slits thus 
open into a kind of "atrium,^' resembling that of Amphioxus 
in its relation to the giU-slits, and in having the generative 
organs on its outer side, but difiering from it in being dorsal to 
the pharynx. 

At a certain distance behind the branchial region, the 
alimentary canal in JBalanoglossus and Schizocardium is produced 
into a series of outgrowths, into which food does not pass. 
These '' liver-sacs ” give rise to corresponding folds (Fig. 1, A, 

^ Spengel, Monogr, pp. 179, 187 ; Willey, Zool, Res, iii. p. 236. 


n 



Fig. 6 . — Schizocardium brasiliense ; transverse 
section throu^li the branchial region, show- 
ing the great extent of the branchial part 
(5) of the pharynx ; the oesophageal part 
( 0 ) is reduced to a mere groove ; g, gill- 
pore ; g,Sf gill-sac ; r, reproductive organ ; 
5, synapticula (cf. Fig. 5) ; t, tongue-bar. 
The muscles of the body -wall are not indi- 
cated : in other respects the figure corre- 
sponds with Fig. 4, except for the absence 
of genital wings in thLs region of the body. 
(After Spengel.) 
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of the dorsal body-wall, a conspicuous external feature of the 
species in which they are present. The most interesting 

peculiarity of the digestive 
tract in this region is the 
existence, in ceitain species, 
of pores, possibly vestigial gill- 
slits, leading from it to the 
exterior. 

Notochord and Skeleton. 

— The structure compared by 
Bateson with the Vertebrate 
notochord is a hollow dorsal 
outgrowth of the alimentary 
canal of the collar-region (Fig. 
7, n). Near its origin it is 
slender, but in the proboscis 
it dilates into a comparatively 
large organ, which in most 
cases retains its cavity. Its 
cells have a vacuolated appear- 
ance, which recalls the fine 
structure of the Vertebrate 
notochord. *In ScMzocard%um 
and Glandiceps, the organ is 
produced into a slender ver- 
miform process (v), which 
extends nearly to the tip of 
the proboscis. 

The main support of the 
proboscis-stalk is the pro- 
boscis - skeleton ” (s), a A- 
shaped organ whose median 



Fio. 7 . — Schizocardium brnsdiense , longi- 
tudinal, median section througli the pro- 
hoscxs, the collar, and the first part of the 
trunlv ; b, mam blood-space of the pro- 
boscis ; h c^, b,c% b c^, first, second and 
third body- cavities , c.m, circular museleg 
of proboscis , c, epidermis , I m, longi- 
tudinal muscles of proboscis ; m,* mouth , 
rif notochord ; n s, central nervous system, 
continuous with the subepidermic nerve- 
plexus (black) of the prolxiscis, and with 
the dorsal nerve (d ) ; p c, pericardium , 
jp.9, proboscis - stalk ; a, proboscis -skele- 
ton ; v, vermiform process of notochord 
(After Spengel ) 


part lies beneath the base of 
the notochord, its diverging 
legs extending backwards 
along the outer side of the 
alimentary canal of the collar. 
The proboscis -skeleton, like 
the branchial skeleton, is a special development of the structure- 
less membrane which is found at the base of the layers of cells 
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of Balanoglossus, and in most species it grows merely by the 
deposition of laminae of chitin from the notochord, and from the 
ventral epidermis of the proboscis-stalk. 

In some species, however, and particularly in Balanoglossus 
aurantiaous and Qlandicejps, the primary skeleton becomes sur- 
rounded by an extensive development of a secondary cartilaginoid 
skeleton, consisting of a structureless substance into which the 
adjacent body-cavities of the proboscis and collar send cellular 
outgrowths. The possibility of a relation between this tissue, 
more or less surrounding a part of the notochord, and the carti- 
lage of Yertebrates cannot be overlooked. 

The caudal region may be stiffened (?) by a “ pygochord ” ^ 
which is a median derivative of the alimentary canal on its 
ventral side. 

Vascular System and Proboscis-Gland. — The main vessels 
are a dorsal and a ventral vessel (Fig. 4, d-y, lying in their 
respective mesenteries. The details of the vascular system are 
complicated, and have not been thoroughly made out, the nearly 
colourless character of the blood making their investigation a 
difficult matter. The following points may, however, be noted. 
The blood is said to pass forwards in the dorsal vessel, which, 
like the ventral vessel and a pair of lateral vessels in the hepatic 
region, is contractile. In the collar the dorsal vessel lies be- 
tween the two perihaemal spaces, on the dorsal side of the base 
of the notochord. The principal blood-space in the proboscis 
(Fig. 7, 1) lies between the notochord {%) and an organ known 
as the " heart-vesicle ” or "pericardium” (^.c). The latter has 
muscular walls and it contracts rhythmically in the larva. Its 
behaviour in the adult is not so easily made out, but it is prob- 
able that, although it does not communicate with the vascular 
system, its contractions propel the blood contained in the space 
immediately beneath it. The blood, after passing to a glandular 
organ, the " proboscis-gland ” or " glomerulus,” which lies at the 
sides and in front of the notochord, appears to. pass round the 
collar to the ventral vessel. Various systems of vessels are con- 
nected with the skin, the gills, the alimentary canal and the 
generative organs. 

The function of the proboscis-gland is possibly excretory. 
In this case it is probable that the proboscis-pore eliminates the 

1 ^ViUey. 
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waste products discharged by the gland into the anterior body- 
cavity, though this view is not favoured by WiUey. 

Reproductive Organs. — The sexes are separate, the repro- 
ductive organs consisting of a series of simple or branched 
glands which occur along the dorso-lateral lines of the anterior 
part of the body , being usually found throughout the branchial 
and generative regions and ending at the beginning of the 
hepatic region. The reproductive organs may pass into great 
extensions of the body -wall known as the genital wings,” 
specially developed in some species of Balanogloss'us and Ptychodeni 
(Eigs. 1 A, 4). 

Stereobalanus canadensis, a species with long slit-like external 
gill-pores, is interesting in possessing a well -developed genital 
wing both dorsally and ventrally to the series of gill-pores of 
each side. 

Each reproductive gland opens by its own pore or pores 
directly to the exterior. Several glands and pores may occur in 
the same transverse section 

According to Spengel there is no definite relation between 
the number of the reproductive organs and that of either the 
gdl-sacs or the liver-outgrowths. The only definite segmenta- 
tion exhibited by Balanoglossus is thus the division into three 
regions which is so distinctly shown by the arrangement of the 
body-cavities, though the gill -sacs may indicate an incipient 
further segmentation of the major part of the body. In this 
connexion it is interesting to notice MacBride’s statement ^ that 
the body-cavity of Amphioxus develops in the embryo as five 
cavities, just as in Balanoglossus; the segmented part of the 
body being formed by a secondary segmentation of the third 
body-cavities. 

Regeneration. — ^Balanoglossus, like Phoronis (p. 30), possesses 
great powers of regenerating lost parts. The posterior part of 
the body is readily re-formed, while Spengel has shown ^ that 
even the proboscis, collar and branchial region can be regenerated, 
apparently from a fragment of the body. 

Genera of Enteropneusta. — Spengel, whose Monograph 
is indispensable to every student of the Enteropneusta, formerly 

1 QicaH, J. Mur, Sei xl. 1898, p. 601 , xliii. 1900, p. 361. 

2 MoTiogr, p. 684, PI. xxvL Pigs. 14-18 j see also WiUey, J^ool, J^es, xii. p. 246, 
and Dawydoff, ZooUg, Am, xxy, 1902, p. 551. 
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proposed to divide the old genus JBalanoglossus into four : hut he 
now recognises no less than nine7 Some of the more important 
characters are given below, hut for the arrangement of the 
muscles, important from a systematic point of view, reference 
must be made to the original sources. 

A. Notochord with a vermiform process (Fig. 7, v) ; pericardium with 

anterior diverticula more or less develox')ed. . Glandicipitidae 

(a) Liver-sacs and synapticula j>resent; gill-slits almost equalling the 

pharynx in depth, so that the ventral, non-branchial part of the 
pharynx is reduced to a mere groove (Fig. 6) ; nerve-roots absent ; 
pericardial diverticula long. . . Schkocardiim^ Speng. 

(i) Liver-sacs absent ; ^ ventral ;gfart of x>harynx well developed ; peri- 
cardial diverticula short. 

(i.) Synapticula and nerve-roots absent. . Glancliceps^ Speng. 
(ii.) Synaxiticula present ; nerve-ioots present or absent ; genital 
region with dermal pits. . . Spengeha, Willey. 

B. Notochord with no vermiform X)rocess; pericardium simple; ventral 
part of ])harynx large, and sometimes more or less separated from the 
brancliial part (Fig. 4). 

(a) Liver-sacs,2 synapticula and nerve-roots present. . Ptychodeeiuae 
(i.) Genital wings well developed. 

(a) Gill-sacs opening by long slits. . Ftychodera, Eschsch. 

(J3) Gill-sacs opening by small pores. BalanoglossiLS^ Belle Chiaje 
(ii.) Genital wings hardly developed. . Glossolalanm, Speng. 

(h) Liver-sacs, synapticula and nerve-roots absent. . Harrimaniidae 
(i.) Proboscis long ; one proboscis-pore. . Dohchoglosbus, Speng, 
(ii.) Proboscis short ; two proboscis-pores. 

(a) Two pairs of genital wings. Stereohalanus canadensis, Speng. 
(/S) No genital wings , . . Earrimania, Ritter. 

The name Bala7ioglossvs was introduced by Delle Chiaje in 
1829 for B. clavigerus (Fig. 1, A), from the neighbourhood of 
Naples. As Spengel has shown, its etymology has been much 
misunderstood. The second half of the name refers to a fancied 
resemblance between the Balanoglossus, with its largely developed 
genital wings, and the tongue of an ox. ^aXavo<; means ‘‘ acorn,'’ 
and it has usually been supposed that this name was suggested 
by the resemblance of the proboscis, projecting from the collar, 
to an acorn in its cup, a view which finds its expression in the 

^ Zool. Jahrb. Syst. xv. 1902, p. 209. The Harrimaniidae = Balanoglossus of 
the Monograph (1893): Olossolalanius == Ptychodera, s.str., 1893 : Balanoglossus^ 
Tauroglossus, 1893 : JPtychod6ra=Chlamydothorax, 1893. 

2 Punnett (^‘Enteroxmeusta,” in Gardiner’s Fauna and Geogr. Maidive ami 
Laccadive Arch, ii. Pt. ii. 1903) finds small liver-sacs in Spengelia, and describes 
Willeyia, a new genus of Glandicipitidae. 3 q. ruficollis, Willey. 
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name “ Eiehelwiirm ” used by German zoologists. But the idea 
expressed by Belle Chiaje was really a similarity between the 
collar of Balanoglossus and the outer shell of Bulan as, the barnacle 
or “acorn-shell” found everywhere on rocks between tide-marks 



8 — Metamorphosis of 
Balanoglossus, piobably 
of Balano(jlo6i>its bmim,- 
ensi^ Willey, Bahama 
Islands All the figures 
are magnified to the same 
scale ( X 14). A, fully 
developed free-swimuiing 
larva, or Tuinayia, side 
view , B, commencement 
ol metamorphosis, side 
view , C, later stage, dor 
sal view Increase in size 
takes place after this 
stage , a, amis , h c\ hotly 
canty of proboscis , c, 
collar ; cr, transverst 
ciliated ring , dp (m A) 
dorsal pore ( = proboscis 
l)ore), seen also in C oi 
the left side, jnst belmic 
the reference line p.o , e 
eyes and sensory thicken 
ing of skin (in A) , ff 
gill-pore , s, gill-sacs 
developing as onlgro-wlili 
of the alimentary canal 
three aio already piesen 
in B, but are better see 
in C, m which they ax 
still without openings t 
the exterior ; poston 
part of the longitudint 
band of cilia , I', its prat 
oral pait ; both I and 
are produced (in A) int 
tentacles, over which tl 
band of cilia is looped 
the groove in the midd 
of the figure, between 
and conducts the fix 
by the transverse groo 
to the mouth (m) ; p 
blood-space of probosc 
and pericardium (“heart 
of larva) ; a, stomac 
(After Moigan). 


Development. — The free-swimming, larval stage of Balan 
glossus IS known as Tornaria (Fig. 8, A). Several distinct forr 
of the larva are known/ although it is not yet possible to ref 
them with certainty to their respective adults. 

^ Spengel, Monogr. p 370 f. 
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Tornaria was described and named by Johannes Muller, who 
regarded it as the larva of a Starfish,^ in spite of his intimate 
knowledge of the development of these animals. Its correct syste- 
matic position was first demonstrated by Metschnikoff in 1869. 

The larva agrees with many other pelagic forms in being 
excessively transparent. The form described by Spengel as 
T. grenaclieri attains the remarkable length of 9 mm. (nearly 
|th inch). 

The full-grown larva is usually ovoid, and a complicated 
longitudinal band of cilia runs in several loops over its 
anterior two-thirds. In side view, part of the surface limited by 
the ciliated band appears like a T with a double outline, the cross 
piece being bent downwards on each side, so as to form an anchor- 
like curve, the middle of which is at the anterior pole of the 
larva. In T, hrohni, which occurs on our south coast, ^ the 
ciliated band has a wavy course. In the West Indian larva ^ 
shown in Tig. 8 A, the ciliated band is produced into numerous 
tentacles, which fringe the sides of the T-shaped areas or grooves 
of the surface. These grooves and the cilia which border them 
are used for conveying food to the mouth.^ At the apex of the 
larva is a thickening (e) of the ectoderm, bearing two eye-spots. 
The main locomotor organ is a simple transverse band (cs) of 
“ membranellae,'' vibratile structures composed of fused cilia. 
The mouth (?7i), on the ventral side, leads into the oesophagus, 
and this into the stomach (s). The latter is separated by a 
marked constriction from the intestine, which opens by the 
anus {a) at the posterior pole. 

On the dorsal side is a pore, the dorsal pore {d.jo.), which 
leads into a thin-walled sac destined to become the pro- 
boscis-cavity of the adult. To the right of the dorsal pore lies 
the pulsating heart,” which apparently becomes the pericardium 
of the adult. Bourne and Spengel regard it as a right proboscis- 
cavity. In the older larvae, the second and third body-cavities 
appear as paired thin-walled sacs in close contact with the 
hinder part of the stomach. The skin is very thin, and the 
five body-cavities do not nearly fill the space between it and the 

^ Of. Spengel, Monogr. p. 363 f. 

2 Bourne, J. Mar. Biol. Ass, (N.S.), i. 1889-90, p. 63. 

^ This closely resembles T. grenacheri, but see Willey, op. cit. p. 285. 

^ Haldeman, Johns Hopkins Univ. Giro. vi. No. 64, 1886, p. 45. 
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alimentaiy canal This space becomes obliterated £oi the most 
pait by the enlargement of the body-cavities, and its last remains 
peisist, as in many other animals/ as the vasculai spaces of the 
adult 

In JDohchoglossus lowalevslM, and probably in other species 
%\ith large eggs/ development proceeds by gradual stages to the 
adult foim, and no Tornana-stage is passed through The opaque 
young animal, on being hatched, creeps about in the muddy sand 
in which the adult is found, later moving in a leech-like maniiei, 
by alternately attaching itself by its two ends The young 
stages weie ingeniously obtained by Bateson, to whom our 
knowledge of the development of this species is due,^ by allowing 
a large quantity of the mud to settle after being stiiied up, the 
layer of the specific gravity corresponding with that of the young 
Balanoglossus being then separated by means of a siphon The 
young stages previously contained in several hundiedweight of 
mud were thus easily collected mto a pint of water Morgan 
lecommends tieatmg the layer obtained by a similai process with 
piciic acid, which stains the young Balanoglossus yellow 

The embiyo eaily becomes a '' blastospheie ” oi hollow vesicle 
formed of a single layer of cells One half of this is m%agmated, 
or pushed into the other half, and a " gastiula ” is thus developed, 
the cavity of which is the '"aiohenteion,” and the two cell- 
layers respectively “ ectoderm ” and ^^endodeim” The '^blasto- 
pore,” or orifice of invagination, is at the posterior pole of the 
laiva, where it narrows and closes, the locomotoi, tiansveise band 
of ciha developing round it No other bands of cilia appear in 
this form of development The pioboscis becomes marked out 
e\ternally by the appearance of a circulai groove, near the 
middle, and behind this groove a second one appears, which 
foims the posterior boundary of the collar The larva, which 
now resembles Fig 8 C, is usually hatched at this stage Two 
giU-slits make then appearance, and the mouth and anus are 
perforated , the anus bemg in the position of the blastopore 

^ For Yeitebrates see Shipley, Qimt J Miat Sc% xxvii 1887, p 340 
Tlie largest kno’wn eggs are those of JSa/rrmiama Tcupffen (1 3 mm ) The 
eggs of DolvJioglosms kowa^UvsTcih measure 37 mm , while the youngest Tornana 
lound by Morgan, already transparent and with their tissues distended by water, 
\sere only about two thirds that size 

» Quait J Mkt Sm xsxy 1884, p 208 , xtv SuJ)pl 1886, p. 81 , xsn 1886, 
pp 511, 535 
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The body -cavities are formed as five derivatives of the 
archenteron. One of these is unpaired, and becomes the 
proboscis-cavity; while the others are the paired cavities of 
the collar and trunk (cf. Tig. 2). There is some uncertainty 
about the origin of the body -cavities of the free -swimming 
Tornaria, although it seems most probable that they are developed 
either from the wall of the stomach or intestine/ or from scattered 
mesoderm cells ^ which lie in the segmentation-cavity. 

The metamorphosis of Tornaria is accompanied by a great 
diminution in size/ probably due to the loss of water ; by this 
cause and by the simultaneous thickening of the skin, the larva 
loses its transparency. 

The external features of the metamorphosis are sufficiently 
indicated by Fig. 8, the ciliated bands finally disappearing. 
The dorsal pore persists as the proboscis-pore; the notochord 
and numerous gill -slits are developed as outgrowths of the 
alimentary canal, the reproductive organs make their appearance, 
probably from the mesoderm,^ the trunk meanwhile elongating 
so that the proportions of the adult are acquired. 

Order II. PterobrancMa. 

T^ibieolous Hemichordata^ loith one ^air of gilUslits or none, a, 
U-sliajped alimentary canal, and a dorsal anus situated near 
the mouth. Proloscis flattened mntrally into a large luccal 
discf its "base covered dorsally by the collar, which is 
produced into two or more tentaculiferous arms. Trunk 
short, ^prolonged into a stalk. Pe'jgroduction by budding 
occurs. * 

This group consists of the two genera Cejohalodiscus (Fig. 9) 
and Ehabdojpleura (Fig 12). The latter, first dredged by G.O. 
Sars, in 1866, from 120 fathoms off the Lofoten Islands, was 
included in a catalogue of deep-sea animals published by his 
father, M. Sars, in 1868 as Salilojphus mirabilis, a name which 

^ Agassiz, Bourne, Spengel, Morgan (in T. agassi&ii). 

® Morgan (in Balmoglossus himinimsis). 

® A similar shrinkage takes place in the metamorphosis of the larva {Le;pto~ 
cepha^lus) of Eels, as has been shown by Grassi, Quart. J. Micr. Sci. xxsix. 1897, 
p. 374. 

* Sohimkewitsoh, 2^ool. Am. xi. 1888, p. 283 ; Morgan, J. Morphol. ix. 1894, 
p. 60 ; Puimett {op. dt. p. ^1) believes that they are ectodermal. 
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3’ig 9. — Of^halodisaus dodeccdc^hus, M‘Iiitosh, Straits ot Magellan , A, small portion of 
the common “house,” x 1 ; a, a single individual, shown also as B, x 65 , six of 
the tentacular arms, belonging to the collar, are seen springing from behind tlie 
proboscis or “buccal disc ” This has a crescentic band of pigment parallel with its 
posterior border, which conceals the mouth. The stalk, bearing a bud, which 
already shows the beginning of two tentacular arms, is seen to the nght (After 
M*Intosh, B from Parker and Haswell ) 


^ Allman’s name {Quart. J Micr. Sea. ix. 1869, p. 57 f ) replaces that given 
by Sars, because the latter gave no description by winch the orgamsm could be 
recognised. 
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on specimens dredged by Canon Norman in 90 fathoms, off the 
Shetland Islands. The structure of Elialdojoleura has been 
described by Sars,^ Lankester,^ and Fowler.^ JR. normani is 
common in certain Norwegian Fjords, at depths of 40 fathoms 
or more, and has been recorded by Fowler from the Tristan 
d’Acunha group in the S. Atlantic ; B. com^pacta has been found 
off the N.E. coast of Ireland ^ and near Eoscoff', on the N. coast of 
Brittany; while forms described by Jullien® as B. grimalclii and 
B. manubialis have been dredged off the Azores. I have recently 
found a fragment of Bhaldopleura from South Australia. It is 
doubtful how far these species are distinct. 

Ucplialodhscus dodecaloplius^ was found in the Straits of 
Magellan, during the “Challenger” voyage, at a depth of 245 
fathoms, and has recently been rediscovered in shallower water in 
the same neighbourhood by the Swedish Antarctic Expedition. 
Another Gephalodiscus, at present undescribed, has been obtained 
by Dr. Levinsen from 100 fathoms off the coast of Japan; while 
the Dutch expedition carried out by the “ Siboga ” has resulted in 
the discovery of two other specimens, one from a reef close to low- 
tide mark on the coast of Borneo, the other from 41-52 fathoms 
off‘ Celebes. These three specimens differ markedly from one 
another and from the “ Challenger ” specimen of 0. dodecalojphus, 
and it is probable that they all belong to new species. The 
occurrence of a deep-sea animal at a great distance from the 
locality at which it was first found is not in itself a matter for 
great surprise; but in the present instance two of the newly 
discovered forms are from shallow water, and one of them is 
actually littoral. The occurrence of so many species of Cejpha- 
lodiscus in Oriental waters suggests that the Pacific or the 
Indian Ocean may be the headquarters of the genus, which 
may prove to be far less of a rarity than has hitherto been 

^ ‘‘Remarkable forms of Animal Life,” i. OhristicL%ia XTniv.-FrograTu for the 
first half-year, 1869 ; and Quart. J. Sd. xiv. 1874, p. 23. 

2 Quart. J. Micr. Sci. xxiy. 1884, p. 622. 

® Froc. Roy. Soc. lii. 1893, p. 132 ; Festsehr. 70 ten. Geburtstage It. Leuckarts, 
4to, Leipzig, 1892, p. 293. 

^ Hincks, Hist. Brit. Mcurine Folyzoa, vol. i. 1880, p. 581. 

® Bis. Qamp. Sci. Prince de Monaco, Bryozoaires, 1903, p. 23. 

® Challenger Re^ports, Part Ixii. 1887. See also Masterman in Quart. J. Micr. 
Bd. xl. 1898, p. 340 ; xlvi. 1903, p. 715 ; Rey. Brit. Ass. (1898), 1899, p. 914 ; Tr. 
R. Soe. Bdinh. xxxix. 1900, p. 507 ; and the notes in the ^ool. Anz. xx. 1897, 
p)p. 342, 443, 505 ; xxii. 1899, pp. 359, 361 ; and xxvi. 1903, pp. 368, 593. 
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supposed There is evidence den\ed fiom the lesults of the 
Siboga ’’ expedition that abyssal aninidls may migiate into 
comparatively shallow water in the Malay Archipelago 

Oc])Iicilo discus and Hhcbbdo^leii} a aie leinaikable foi their 
powei of producing buds. In the foimei these aiise iioni the 

apex ot a stalk ^^hlch 
IS gucn off on the 
ventral side of the 
body, and they bieak 
off when they leach 
a ceitaiii a^e , in the 
lattei they do not be- 
come fiee, and a colony 
results, which consists 
of a cieeping stolon ” 
fiom which veitical 
blanches aie gi\en off 
at inteivals, each end- 
ing in an individual 
of the colony Oijdia- 
lothsous forms a gela- 
tinous “house’’ (Fig 
9, A), m the passages 
of which aie found 
laige numbeis of the 

Fig 10 —Longitudinal median section of Ce:pIialodis(yiis fiee individuals, to- 
dodecalopkics a, Anns ,bG\bc^,b tirst, second j.i fu^-ii 

and third body cavities , %nt, intestine, 771, month, 5“bliei vvlun uneil 
nch, notochord, ns, centnl nervous s'^stem , ucb ecrcrs and embryos 
oesophagus , op, operculum, the ventro lateral part i j 7 /i 

of the collar, ov, ovary, ovdt pigmented oviduct SkjilUOCLOJpteUf a 
ph, pharynx , pp proboscis pore , ps, proboscis , bt, 12 ) IS piotected bv 
stomach, stL, stalk / t i ^ 

cjlindncal tubes, one 



of which coriesponds with each individual 

Oejphalodisc^is, though no more than two or thiee millimetres 
in length, is provided with practically all the important organs 
possessed by Balanoglossus Its proboscis or “buccal shield” 
(Fig 10, jps) is a large flattened structure, which overhangs and 
entirely conceals the mouth The anterior body-cavity opens to 
the exterior by two symmetrically placed proboscis-pores (^?jp), 
just in fiont of the tip of the notoohoid (nch) The collar, 
winch has paired body-cavities, is produced dorsally into 4-6 
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pairs of plume-like arms, which l)ear an immense number of 
piiinately-arrangetl tentticles. The ariias, which may end in a 
swollen bull),^ have ventral grooves along which food doubtless 
travels to the mouth ])y ciliary currents. The anterior edge of the 
ventral half of the collar is drawn out into a narrow flap or oper- 
culum (hig. 11, in front of which 
is the mouth, and behind it the gill- 
slits {(j) and collar -pores (r). The 

central nervous system ()lh) is a thick 
mass of nerve - tissue in the dorsal 
e])idermis of the collar; it is not sunk 
beneath the skin as in Dalanoglossus. 

The details of the nervous and vascular 
systems, and the development of the 
buds, have been described by Master- 
man. In the dorsal region of the collar 
the alimentary canal has a slender s 
diverticulum, the notochord, which 

passes into the base of the proboscis; 
it is believed bj' Masterman to have a 
function similar to tliat of the neural 
gland (ef. p. 52) of Tiinieates. 

The next part of the alimentary 

. , o , . T . Fig. 11. — Longitudinal section 

canal, the pharynx," has a single pair tTirough Oephaiodiscus dode~ 

of siniylo gill-slite opening to the passmg through the 

exterior immediately behind the collar- tentacular arm; h.c^ collar- 

pores. The short oesophagus (Tig. onvity; h.c», trank -carity ; 

j / O to c, ooUar-pore ; y, gill-sht ; 1 , 

10, oes) IH lollowed l)y the mde intestine ; central nervous 

Stomach (St), and this hy the antes- 

tine (int), which opens hy the anus stomach. 

(a) near the front end of the body. 

The trunk contains paired third body- cavities the 

septum between which and the collar-cavities is slightly behind 
the line of origin of the operculum. Two ovaries (ov) are 
situated between the pharynx and the last part of the intestine, 
each opening to the exterior dorsally between the central nervous 

^ Cf. Cole, J. Linn. Soc. xxvii, 1899-1900, p. 256. 

2 Two dorsal portions of this region, which are regarded by Masterman as 
lateral notochords, ax>pear to me to rej^esent the dorsal part of the pharynx of 
JPtychodera. 
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pairs of plume-lilce arms, wliicli bear an immense number of 
pinnately-arranged tentacles The arms, 'which may end in a 
swollen bulb,^ have ventral grooves along which food doubtless 
travels to the mouth by ciliary currents. The anterior edge of the 
ventral half of the collar is drawn out into a narrow flap or oper- 
culum (Fig. 11, c/j), in front of -which 


IS the mouth, and behind it the gill- 
slits (^) and collar -pores (c) The 
central nervous system {n,i) is a thick 
mass of nerve -tissue in the dorsal 
epidermis of the collar ; it is not sunk 
beneath the skin as in Ealanoglossus 
The details of the nervous and vascular 
systems, and the development of the 
buds, have been described by Master- 
man. In the dorsal region of the collar 
the alimentary canal has a slender 
diverticulum, the notochord, which 
passes into the base of the proboscis; 
it IS beheved by Masterman to have a 
function similar t-o that of the neural 
gland (cf. p. 52) of Tunicates. 

The next part of the ahmentary 
canal, the pharynx,^ has a single pair 
of simple gill -slits opening to the 
exterior immediately behind the collar- 
pores. The short oesophagus (Fig. 
10, oei) is followed by the 'wide 
stomach {st\ and this by the intes- 
tine {int\ which opens by the anus 



Fig 11. — Longitndinal section 
tlirougli Oephododiscus 
ccdophus, passing through the 
two sides of the "body ; 
tentacular arm ; 5.c ^ collar- 
cavity ; h.c®, trunk - cavity ; 
c, collar-pore ; g, gill-slit ; 
intestine ; n s, central nervous 
system ; o, oesophagus ; op, 
operculum ; p, pharynx , 
stomach. 


(co) near the front end of the body. 

The trunk contains paired third body- cavities Q>.c% the 
septum between which and the collar-cavities is slightly behind 
the line of origin of the operculum. Two ovaries (ov) are 
situated between the phaiynx and the last part of the intestine, 
each opening to the exterior dorsally between the central nervous 


^ Cf. Cole, J. Linn, Soo xsvii. 1899-1900, p. 256. 

2 Two dorsal portions of this region, which are regarded by Masterman as 
lateral notochords, appear to me to represent the dorsal part of the pharynx of 
Ftychodera, 
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system and the anus. Each oviduct {ovd) contains dark pigment, 
which is seen through the dorsal skin on removing the tentacular 



arms. Eggs, each enclosed in a 
stalked memlmme, occur in num- 
bers in the cavities of the gelatin- 
ous house. The early stages of the 
development are passed through 
inside the tubes ; but there is at 
present little other information 
with regard to the embryonic de- 
velopment of the Pterobranchia. 
The specimen obtained by the 
Siboga ” from Celebes is a male 
colony with dimoi'phic individuals, 
the reproductive organs being con- 
fined to two-armed zooids with 
vestigial alimentary canal. 

Bhaldo^phiim differs from 
Cephalodiscus in its much smaller 
size,^ and it is perhaps due to 
its minuteness that it does not 
possess certain organs found in 
the latter. The stalk is repre- 
sented by a long muscular cord, 
which is merely a narrow part 
of the body. Basally the stalk 
of each individual passes into a 
common axis, which is for the 
most part attached to the sub- 
stance on which the colony is 


Fig. 12. — Small portion of colony of 
RhabdojplmrcL normanij Allman, 
Lofoten Islands, x 16. a, Anns ; 
i?, proboscis (=’buccal disc) ; r, rod- 
like axis of the adherent part of the 
colony, prolonged into s, the stalks 
of the individuals ; st, stomach ; 
the two tentacular arms of the collar. 
(After Sars.) 

the older parts secrete a dark 


growing, and is to some extent 
branched. The muscular stalk 
can be contracted into a spiral, 
thereby retracting the animal 
into its tube. The stalks and 
the younger parts of the axis 
which connects them are soft, but 
brown cuticle, forming a narrow 


^ The diameter of a single individual removed from its tube is criven bv Fowler 
as *128 mm. 
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tube which becomes embedded in the adherent wall of the outer 
tube. The thin daik axis, to which the name RliaMo}ileii ra 
refers, is the feature by which the animal can most readily be 
recognised without magnification. 

The outer transparent tube is constructed by the proboscis, or 
buccal shield, the secretion of which appears to ])e mtermittent, 
so that the tube consists of a series ot rings piled on one another. 
The animal crawls up the inside of its tube by means of its 
proboscis, while it is retracted by means of the muscles of its 
stalk. 

The growing axis ends in a row of young buds, the buccal 
shields of .which early reach a relatively large size. The 
terminal bud gives rise to tube-rings, so that the axis is sur- 
rounded by a cylindrical outer tube, which becomes interrupted 
by transverse septa, each bud, except the end one, thus lying in 
a closed chamber. The wall of each chamber becomes perforated, 
and the buccal shield then prolongs this perforation by adding 
tube-rings, the formation of which continues till the tube reaches 
a considerable length. The bud remains connected with the 
axis by means of its narrow proximal region, which forms its 
stalk. The adherent part of the adult colony thus consists of 
a row of short tubes, traversed by the common axis of the 
colony. Each tube is produced laterally into the upright tube 
of an individual. 

The general anatomy closely resembles that of Ce^thalodisGu^} 
There are five body-cavities and a notochord, CoUar- pores 
exist, but proboscis-pores and giU-sHts have not been described. 
The dorsal region of the collar bears only a single pair of 
arms. 


Order IIL Phoronidea. 

The structure and development of Phoronis (Eig. 13), have 
already been described in VoL 11.^ of this series ; and Master- 
man’s investigations, then published in a prehminary form 
only, are there alluded to. Since then this author has pub- 
lished fuller accounts® of his results, which, if substantiated, 

^ See, however, Conte and Vaney, C, i2, Ac. Sci. 136, 1902, pp. 63, 748. 

2 Pp 450-462. 

3 Quart. J. Micr. Sci, xE 1898, p 281 ; xliii. 1900, p. 375 ; xlv. 1902, p. 485. 
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would indicate a near relationsliip between Gephalodiscus and 
Fhoronis, 

Phoronis is a small tubicolous animal, of gregarious habits, 
which has usually been regarded as related to the Gephyrea. Its 
body ends in a plume of ciliated tentacles, which can be pro- 
truded from its tube, and the anus is on the dorsal side, not 
far from the mouth. In both these respects it agrees with 
Ceidialodisnts, but a more striking simi- 
larity is asserted by Masterman to exist 
between the latter and Actmotrocha, the 
larval stage of Phoo'onis. The prae-oral 
ciliated hood (Fig. 14) of Actinotrocha is 
regarded as the proboscis, and it contains 
a median cavity, traversed, like that of 
Balanoglossus, by muscular fibres. The 
collar is the region between the con- 
stricted neck and an oblique line, parallel 
to and immediately behind the series of 
tentacles, which thus belong to the collar. 
This division has a collar-cavity which is 
said to be distinct from the prae-oral 
cavity, and is separated by a septum from 
the posterior body - cavity. Its dorsal 
epidermis contains the central nervous 
system (n.s), which is connected with 
a system of nerves resembling those 
of Balanoglossus. A median diverti- 
culum of the alimentary canal of this 
part may be compared with the noto- 
chord of that animal, but there are' no 
giU-slits. . 

the remainder of the body of Actino- 
SMpiey.) trocha corresponds with the trunk of 

Balanoglossus. Its body-cavity is distinct 
from that of the collar, and is divided by a ventral mesentery, 
though not by a ^orsal mesentery. A noteworthy fact is that 
both Actinotrocha and Tornaria swim by means of a ring of 
strong cilia or meroibranellae ^ which surrounds the anus. 

Important memoirs on the structure of Actinotrocha have 

1 Of. p. 19. 
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recently been published by Ikeda,^ cle Selys Longchamps,- Good- 
rich,^ and Schultz,*^ who criticise many of Masterman’s state- 
ments. While it is admitted on all sides that an oblique septum 
following the line of the bases of the tentacles completely sub- 
divides the body-cavity, Masterman*s account of the anteiiur 
cavities is not confirmed, the spaces indicated by h.c^ and h cr in 
JFig. 14 being stated to be really continuous with one another, 
while the “ subneural sinus ” (s s) is regarded as a part of this 



Fig 14 — Actinotrocha-loxvQ. of Pkormis. a, Anus, 
6 6 6 c*, first, second and third body-cavities , 

c, circular nerve, running in the posterior boundary 
of the collar, immediately behind the ring of ten- 
tacles , c r, ciliated ring , d, diverticulum (paired) of 
alimentary canal , vu mouth ; n s, central nervous 
system , 2h nerve ruuuiug round the ventral border 
ot the proboscis , s, sense - organ , 6 subneural 
sinus, a vascular space whose hind wall is con- 
stituted by the front boundaiy of its front 
wall being formed by the hind wall of 6 , in this 

region is seen a median outgrowth of the alimentary 
canal, which may be compared Mith the notochoid 
of Cephcdodiscios, or of the young Tornana (ct 
Morgan, /. JMoyphol v. 1891, Plate xxvi. Fig 40 ) 
(After Masterman.) 


space It appears, however, from the account given by Ikeda, 
and followed by Goodrich, that the old Actinotrocha has two 
distinct spaces in front of the septum. The first of these corre- 
sponds with 6.c^ + most of in Fig. 14, and is continuous 
with the cavities of the larval tentacles. Into it project the 
blind ends of the larval excretory organs, which, according to 
Goodrich, bear numerous " solenocytes ” similar to those described 
by the same author in Amphioxus and in Polychaet worms (Fig. 
79, p. 127). The second cavity is a relatively small crescent 
(not shown in Fig. 14), lying on the anterior face of the septum, 

^ J Coll. JapaThi xiii. Pt iv. 1901, p. 507. 

- Arch, Biol. s:viii. 1902, p. 495 ; Wiss. Moeresumtersuch. vi, Abt. Helgoland, 
Heft 1, 1903. 

® QiLart. J. M%ct, Sd. xlvii. Pt. i, 1903, p. 103. 

* Zedschr. mss. Zool. Ixxv. 1903, pp. 391, 473. 
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the tips of the crescent neatly meeting doisilly, so <ib to con- 
stitute an almost complete ting lollowing the btises of the 
tentacles, into each ot which it gnes oh a blind oiitgiowth At 
the metamoiphosis, the crescentic space becomes the piac-stptil 
body-ca\ity and the ca\ities ot the tentacles of the adult llu 
ciiciilai blood-vessel of which is toimed tiom the icmaiiis ol the 
large prae-septal space ot the lar\a Schultz, in calling itten- 
tion to the fact that both Phowyus and its liiva have a btiiLinc, 
powei of legeneiating lost parts, conhims the conclusion tlnit 
this animal belongs to the Hemichoidati He gives leasons 
howevei, toi believing that it is in the adult PhQionib> itithei 
than in the lar\al Actinotiocha that it is possible to discover 
the most satistactoiy evidence ol this afiinity 

The metamoiphosis^ of Actinotiocha is veiy leinaikable and 
IS accompanied by the eveision of a veutial ingiovvtli ot the 
body- wall A loop ol the alimentaiy canal passes into this 
ev’-eision, which becomes the m«u.in pait of the ])od} ol the adult 
and the anus is theieby bx ought lelatively neaiei the inoutli 
than in the laiva The occuiience ol this piocess ma} 1 k 1]> to 
explain the position of the anus in the Pteiobianchia 

Affinities of the Hemichordata — Theie can bo no doul)t 
that some of the lesemblances, in stiiictine and in development, 
between Ealanoglossiis and ceitaiii Yeitebiates aie c\tieincly 
striking The view that Balanoglossus is i elated to the uiccstois 
of Yeitebiates-^ appeals to exclude othei views’^ winch hive Ikcu 
suggested with regaid to the same question The Balanoglossus- 
theoiy does not explain the similaiity between the segmcnttitjoii 
and the excretoiy systems ol Yeitebiates and Oliactopods, but, 
on the contraiy, there aie impoitant characteis which Yeitebiates 
shaie with Balanoglossus but with no othei Iiiveitebiatc s ” 
Of these the most impoitant appeal to be the lesomblances 
between the giU-slits and giU-bars of lUlanoglossus <ind 
Amphioxus , the position, stiuctuie and mode of development of 
the central nervous system, and the piescnce ol a striictuie in 
the Hemichordata, which may be regarded as the notochoid 

^ Vol II p 459 

^ Huxley, in 1877 {Man Anat Iwoeit Animah^ p 671\ proposed to unite the 
Enteiopneusta with the Tunicata ob Pharyngopneubta, in allusion to the gill slits 
connected -w ith the pharynx , but the view was hrst deiendtd in detail by 
Bateson 

^ See, for example, Minot, Anici Mat xxxi 1897, p 927 
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There are other points m which Balanoglossus specially resemble^ 
Amphioxus, such as the early development, the mode of formation 
of the body-cavities/ and the presence of numerous generative 
organs. 

All these, taken together, make it necessary to consider 
carefully the claims of Balanoglossus to relationship with the 
ancestors of Vertebrates in making any speculations on this 
interesting problem. 

However improbable it may appear at first sight, it is 
possible to hold the view that Balanoglossus is related at the 
same time to Vertebrates and to Starfishes and other Echino- 
derms The similarity between a young Toriiaria and a young 
Bipinnaria-larva of a Starfish is so great as to have misled even 
Johannes Muller The more obvious resemblances are the almost 
identical course of the longitudinal ciliated band in the young 
stages, and the presence of a dorsal pore The Echinoderm- 
larva is not, however, provided with eye-spots, nor has it the 
posterior, or transverse, ciliated band of Tornana. 

Eecent studies on the development of Echinoderms^ have 
made it probable that the five body-cavities of Balanoglossus are 
represented in the larvae of those animals ; and this materially 
strengthens the probability of the view that the respective adults 
are also allied^ It may be added that the relationship which 
appears to be indicated is between Balanoglovssus and the bilatei’al 
ancestors from which the radially-symmetrical Echinoderms are 
probalily descended. 

In comparing the Enteropneusta with the Pterobranchia, the 
disproportionate size of the trunk of Balanoglossus may perhaps 
be explained by assuming that the region of the third body- 
cavities has been enlarged since Balanoglossus branched off from 
the ancestral stock.*^ The approximation of the anus to the 
mouth in Pterobranchia is perhaps the result of their tubicolous 
habits ^ In the position of the central nervous system in the 
skm of the collar, Cejphalodisous appears to he more primitive 

^ See HacBride, Quart J, Micr, Sci xl 1898, p. 589 , xliii- 1900, p. S51. 

2 Bury, Quart J. 3hcr, Sei. xxix 1889, p 409 ; xxxviii 1896, p. X25 ; MacBnde, 
ibid, xxxviii. p 395 , Masteiman, Tr H. Soc. JSdinb, xl. Pt. li No. 19, 1902, p. 403. 

® This view was definitely formulated by Metsclmikoff m 1881 it, 

1881, -pp. 139, 163). 

^ Of Morgan, J, Morfhol v. 1891, p. 445 , ix. 1894, pp. 64-66 

® Cf, Lang, Jena, Ze%ts<JiT. xxv 1891, p. 1 



32 


HEMICHORDATA 


CHA 


th.an Balanoglossus, as has been pointed out hj Morgan.^ It 
not impossible that the ^presence of one pair of gill-slits 
Cephalodiscus indicates that this animal diverged from 
ancestors of Balanoglossus before the gill-slits were metamericj 
repeated. 


^ J. MorphoL ix. p. 72. 
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CHAPTEE II 

TUNICATA (aSCIDIANS AKD THETK ALLIES) 

INTRODUCTION OUTLINE OF HISTOllY^ STRUCTURE OF A 

TYPICAL ASCIDIAN — EMBRYOLOGY AND LIFE-HISTORY 

The Tunic ata are marine animals found in practically all parts 
of the sea, and at all depths. They extend from the Arctic and 
Antarctic regions to the tropical waters, and from the littoral zone 
down to the abyssal depths of over three miles. They are 
abundant in British seas. They vary greatly in shape and 
colour, and range in size from an almost invisible hundredth of 
an inch to large masses a foot or more in diameter. And yet 
most Tunicata have a characteristic appearance by which they 
can be readily distinguished from other animals. They form a 
well-defined group, with definite anatomical characters, and 
there are no known forms intermediate between them and other 
groups. The Tunicata were formerly regarded as constituting, 
along with the Polyzoa and the Brachiopoda, the Invertebrate 
Class “ Molluscoidea.” They are now known to be a degenerate 
branch of the lower Chordata, and to be more nearly related to 
the Vertebrata than to any group of Invertebrates. 

Tunicata occur either fixed or fre^, solitary, aggregated or in 
colonies (see Pig. 27, p. 64). The fixed forms, found on the 
sea -bottom, are usually termed “Ascidians,” those that are 
solitary or merely aggregated being Simple Ascidians'’ or 
Monascidiae, and those that are organically united into a 
cdjony being '^Compound Ascidians” or Synascidiae. The 
colonies have been produced by budding, a process which is 
very general in the group, and the members of the colony 
are conveniently known as Ascidiozooids.” Some exhibit 
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altex nation of generations, and all pass thiough lemaikable 
changes m then life-liistoiy, neaily all of them undei going 
a letrogressive metamorphosis 

Outline of History. 

More than two thousand ycais ago Aiistotle gave a short 
account of a Simple Asoidian undei the name of Tdlujum He 
described the appearance and some of the moie impoitint points 
in the anatomy of the animal From that time onwaids com 
paratively little advance was made until Sdilosser and Ellis, in 
a paper on Bot'tyllus, published m the Pliilobojolntal T) ansacUons of 
the Royal Society for 1756, first brought the Compound Ascidians 
into notice It was not, howevei until the commencement of the 
nineteenth century, as a result of the careful anatomical investiga 
tions of Cuvier ^ upon the Simple Ascidians, and of Savigny ^ upon 
the Compound Ascidians, that the lelationship between these 
two groups of Tunicata was conclusively demonstrated Up to 
1816, the date of publication of Savigny's gieat woik, the 
few Compound Ascidians pieviously known had been geneially 
regarded as Alcyonaria or as Sponges , and although many new 
Simple Ascidians had ♦been described by 0 F Mullei ^ and 
others, their internal structure had not been investigated 
Lamarck^ in 1816, chiefly as the lesult of the anatomical 
discoveries of Savigny and Cuvier, instituted the class Tumcata, 
which he placed between the Eadiata and the Vermes in his 
system of classification The Tunicata included at that time, 
besides the Simple and the Compound Ascidians, the pelagic 
forms Pyrosoma, which had been first made known by Peron in 
1804, and Salpa described by Forskdl in 1775 

Chamisso, in 1819, made the important discovery that Saljoa 
in its hfe- history passes through the series of changes which 
were afterwards more fully described by Steenstrup in 1842 as 
" alternation of generations * , and a few years latei Kuhl and 
Van Hasselt's mvestigations upon the same animal resulted in 
the discovery of the alternation m the directions in which the 
wave of contraction passes along the heart, and in which the 

^ Mdm. Mus Fans, u 1815 ^ g 2 Amm s Vert Pt ii Pans, 1816 

* Zoologm Damca, iv 1806 

* Eut Ecu d Anim sans Vert Pans, 1815 1822, t lu 
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blood circulates through the body. It has since been found that 
this observation holds good for all groups of the Tunicata. In 
1826, H. Milne-Edwards ^ and Audouin made a series of observa- 
tions on living Compound Ascidians, and amongst other discoveries 
they found the free-swimming tailed larva and traced its develop- 
ment -into the young Ascidian. 

In 1845, Carl Schmidt^ first announced the presence in 
the test of some Ascidians of “ tunicine,” a substance very similar 
to cellulose ; and in the following year Lowig and Kolliker ^ 
•confirmed the discovery, and made some additional observations 
upon this substance and upon the structure of the test in general. 
Huxley,^ in an important series of papers published in the 
Transactions of the Eoyal and linnean Societies of London from 
1851 onwards, discussed the structure, embryology, and affinities 
of the pelagic Tunicates, Pyrosoma, Salpa, Doliolum and Ajp 2 ^endi‘ 
culana. These important forms were also investigated about the 
same time by Gegenbaur, Vogt, H. Muller, Krohn, and Leuckart. 

The most important epoch in the history of the Tunicata is 
the date of the publication of Kowalevsky’s celebrated memoir ^ 
upon the development of a Simple Ascidian. The tailed larva had 
been previously discovered and investigated by several naturalists, 
notably by H. Milne -Edwards,® P. J. van Beneden, and 
Krohn; but its minute structure had not been sufficiently 
examined, and the meaning of what was known of it had not 
been understood. It was reserved for Eowalevsky in 1866 to 
demonstrate the striking similarity in structure and in develop- 
ment between the larval Ascidian and the Vertebrate embryo. 
He showed that the relations between the nervous system, the 
notochord, and the alimentary canal are practically the same in 
the two forms, and have been brought about by a very similar 
course of embryonic development. This discovery clearly indicated 
that the Tunicata are closely allied to Amphioxus and the 
Yertebrata, and that the tailed larva represents the primitive or 
ancestral form from which the adult Ascidian has been evolved 
by degeneration. This led naturally to the view usually 
accepted at the present day, that the group is a degenerate side- 

^ Instit Paris, xviii, 1842, 

2 Zur vergl. Physiol. Wirlellos. Thurs, Brunswick. 

® Commies Eerdus, Paris, xxii ; and Arm, Sd. Nat. ser. 3 (Zool.) y. 

^ Phil. Trans. 1851 ; Trans. lAnn. Soc. xxiii. 1860. 

® M^i. Acad. JSt. PHerstowirg (7), x. 1866. ® Mim. Instit. Paris, xyiii. 1842. 
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branch from the lower end of the phylum Ohohdata, which 
includes the Tunicata (or Urochordata), Balanogloasus and its 
allies (Hemichordata), Aiiiphioxus (Oephalochordata), and the 
Vertebrata (or Craniata). Kowalevshy’s great discovery has 
since been confirmed and extended to all other groups of the 
Tunicata by Kupffer,^ Giard, and others. 

In 1872 Fol^ added largely to the knowledge of the 
Appendiculariidae, and Giard ^ to that of the Compound 
Ascidians. The latter author described a number of new forms 
and remodelled the classification of the group. The most 
important additions which have been made to the Compound 
Ascidians since Giard’s work have been the species described by 
von Drasche/ from the Adriatic, and those discovered by the 
'' Challenger ” expedition.^ The structure and the systematic 
arrangement of the Simple Ascidians have been discussed of 
recent years mainly by Alder‘s and Hancock, Heller,’' Lacaze- 
Duthiers,® Traustedt,® Eoule, Hartmeyer, Sluiter^® and Herd- 
man.^^ In 1874 Ussoff investigated the minute structure of 
the nervous system and of the underlying gland, which was first 
discovered by Hancock, and showed that the gland has a duct 
which communicates with the front of the branchial sac or 
pharynx by an aperture in the dorsal (or “ olfactory ”) tubercle 
In an important paper published in 1880, Julin^^ drew atten- 
tion to the similarity in structure and relations between this 
gland and the « hypophysis cerebii of tlie Vertebrate l)rain, and 
insisted upon their homology, Metcalf has recently added 
further to our knowledge on this and related matters. 

The Thaliacea or pelagic Tunicata have of late years been 
the subject of several very important memoirs. The researches 
^ Arch, omkr. Aiiat vi 1872. 

^ M4m, $oc Phys Eut. Eat, xxi. 1872. 

® Arch Zool, i. 1872. 

^ Symscidien der B%icht wn Romgno, Wien, 1883 

Challenger JJejJorts, Tunicata, Part i vol. vi. 1882; Part u vol. siv. 1886- 
Part ui vol xxvii. 1888. ’ 


« Ann Mag. Mat. B^et (3) ri. 1863, p. 153 ; Jonm Uwn. See. 1868, etc. 
DcnJcschr, Ahad. Wiss Wun^ 1875 and 1877. 

I 1892 

y%d Medd Nat, For Copenliagen, 1880, 1882, 1884, etc. 

Nat. Tvjdschr, Ncd.~Ind%e, 1885, etc. 

Jif— ““d rsiv. ; Oat of Tmneata in Australian 
Museum, 1899 ; also Challenger Reports (see note 6) 

Arch, de Biol, ii 
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of Todaro, Brooks/ Salensky/ Seeliger/ Korotneff/ and otliers 
have elucidated the embryology, the gemmation and the life- 
history of the Salpidae ; and Grobben, Barrois/ and more 
especially Uljanin/ have elaborately worked out the structime 
and the details of the complicated life-history of the I)oliolidae. 
Binally we owe to the labours of Metschnikoff, Xowalevsky, 
Giard, Hjort, Seeliger, Eitter, Yan Beneden and Julin, much 
detailed information as to development and life -history, the 
process of gemmation and the formation of colonies, which has 
added greatly to our knowledge of the position and affinities of 
the Tunicata and of their natural classification. 

Structure of a Typical Ascidian. 

If a typical Simple Ascidian,” such as the common British 
Ascidia mentula (Fig. lh),ox Ascidia mrginea, be examined alive 
and expanded in sea- water it will be seen to bear on the upper 
surface two short projections, each terminated by a wide tubular 
opening, through which the animal, when touched, can emit jets 
of water with considerable force — thus accounting for the 
popular name sea-squirts.” The rest of the body is covered by 
the dull grey tough cuticular outer test ” or “ tunic ” (hence 
Tunicata) by means of which the animal is attached to a rock 
or other foreign body. One of the tubular openings, the mouth or 
“ branchial aperture,” is terminal, and indicates the morphological 
anterior end ; it is surrounded by eight lobes. The other opening, 
the cloaca or atrial aperture,” is on the dorsal edge, from one- 
third to one-half way down the body, and is bounded by six lobes 
only ; consequently the two apertures, and so the ends of the 
body, can be distinguished externally by the number of lobes 
an important matter. The area of attachment is usually the 
posterior part of the left side ; in Fig. 15 the animal is seen 
from the right hand side. 

If a little carmine-powder, or some other insoluble particles 
be scattered in the water in which the Ascidian is living, the 

1 '‘The Gemis Ballot,,"" Mem. J. EopUns Uhiv. 1S93. 

2 Zeits. wiss. Zool. 1876, 1878 ; Mitth. Zool Btat. Neapel, 1883, etc. 

3 Jm. Zdtschr. 1886, 1888, etc. ; also Bronn’s Thier-Reich. 

Mitth. Zool Btat. Nea'pel, 1893 and 1897 ; and ZeUa. wiss. Zool 1895 and 1896. 

® Journ. Anal Rhys. Paris, xsi. 1885. 

® Fauna anA Flora G. n. Neapel Monogr. x. 1884. 
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particles will be seen to converge to the braueliitil aperture diul 
1)6 sucked in by the iiihalent current entering the l) 0 (ly Aftei 

a short interval a certain proi)ortxon 
of the particdes will be shot out from 
the atiial aperture with the exhalent 

These particles have pa ssed through 

Wi pharyngeal portion of the ah- 

M li mentary canal and the cloacal passages, 

with the water used in respiration, 

^ considerable amount of such 

particles taken in with the water 

HHIf reappear, as they are retained 

by the nutritive organs and pass along 

^ ^ remainder of the alimentary 

Hmi! 'with the foodV The current 

‘ water passing in at the branchial 

and out at the atrial aperture is of 

iuiportance in the life of 

the Ascidian. Besides serving for 

^ ^ respiratory purx^oses it conveys all 

the food into the body and removes 

^ waste matters both intestinal and 
Fia. 15 — Ascma.w^nt\u(i> Linn. i t -i i i i 

from the right side (natural renal, and also expels the reprociuc- 

’ataS from the body, 

aperture Arrows show the The Test. — The test is notable 
cWxou of the water cutrents. amongst ammal Structures for eon- 

taining '"tunicine,” a substance which appears to be identical 
in composition, and in behaviour under treatment with various 
reagents, with cellulose. It is cartilaginous in appearance and 
consistency, and to some extent in structure, as it consists 
of a clear (or in some cases fibriUated) matrix in which are 
embedded many corpuscles or cells It is the matrix that 
contains the cellulose, which may form over sixty per cent by 
weight of the entire test. As the test is morphologically a 
cuticle, being a secretion on the outer surface of the ectoderm 


/^Fig. 16, ec), the cells it contains have immigrated to it from the 
ody, and it has recently been shown that many of these are 
5sodermal cells (leucocytes or connective tissue wandering cells, 
oebocytes, and in some cases embryonic “ kalymmocytes,” or 
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egg-follicle cells, see below, p. 56;, which have pus.-M^<l tliroiiuh 
the ectoderm. Tliis process commences in the larval .state with 
the migration of mesenchyme cells from the blastocoele throimh 
the epiblast. Ectoderm cells, and j)ossi1)ly also some primitive 
endoderm cells, also take part in forming the test, if any of 
these cells in the test remain small and simple, as the fusiform 
and stellate test-cells ; some become pigment-cells, while other.s 
enlarge and become vacuolated to form the large fup to O' 1 5 
mm. in diameter) vesicular or “ bladder ” cells — this is esjiecially 
the case in the outer layer of the test in Aseidhi jueviiihi 'see 



Fig, 16. — Diagramniatic section through test and mantle of Aacidia to show the rela- 
tions of ectoderm to body- wall and cuticle. W.c, Bladder-cells ; iW.s, blood-sinus ; 
€,t.c, connective tissue ceUs ; ec, ectoderm ; mesA wandering mesoblast cells ; «?/, 
muscle fibres ; t.c^ test-cells ; tv, “ vessel " of the test’' 


Fig. 17, U) where there are innumerable clear veeicleH, each sur- 
rounded by a thin film of protoplasm and having the nucleuH 
still visible at one point of the surface. In some of the Tunicata 
the test-cells produce calcareous spicules of various shapes (see 
below, p. 86). 

The test also becomes organised by the growth into it of the 
30 -called “ vessels.’^ These are outgrowths of the body -wall 
covered by ectoderm and containing prolongations of blood- 
channels from the connective tissue of the mantle ” (body-wall). 
Fig. 1 6, tv shows such an outgrowth, and exhibits the general 
relations of test (cuticle), ectoderm, and mesoderm. It also 
explains how it is that the blood-channel being pushed out as a 
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loop gives rise to the double oi paiied ' vessels ” seen bianchm 
thiough the test (see Fig 17, 0 The two vessels of a pan ai 
one blood-channel impel feetly divided by a connective- tissi 
septum The blood couises out along one side, lound the con 
munication in a ' teiminal Lnob ” at the end, and back down tl 
other side The “ terminal knobs” aie veiy numeious, and foi] 
a marked feature in the outei layei of the test (Fig 17, U 
in some cases (Guleolus muirayi), they piobably form an accessoi 
organ of respiration, while in others (Botiyllidae), they pulsat 
and aid in keeping up the cuculation 

The ectoderm is a simple epithelial layer (Fig 16, ec) It 
turned in for a short distance at the branchial apeituie (mouth 



Fig 17 — Section throngli the surface layer ol test ot Astidia mentula, x 50 hi Bladd 
ceUs , t c test cell , t k terminal knobs of vessels , vessels of test 

and atrial aperture (cloaca), as a short stomodaeum and pioct( 
daeum respectively, lined in each case by a delicate prolongatio 
of the test 

Fig 24, A, p 52, shows the relations of ectoderm, mesoderr 
and endoderm in a section thiough the antero-doisal part of tl 
body The cavity marked is a portion of the atrial cavit 
Imed by ectoderm, and must not be confounded with a coelor 
The absence of a tiue coelom in the mesoderm will be notice 
in this and other figures, and yet the Tunicata are Coelomat 
although it is veiy doubtful whethei the enterocoel which h< 
been described in the development of some is ever foimd Tl 
coelom IS in any case largely suppressed later, and is only r 
presented in the adult by the pericardium and by small cavitu 
in the renal and reproductive organs and ducts 

Body- Wall and Cavities of the Body — The name mantle 
IS given to the ectoderm with the parietal mesoderm which for 
the body- wall inside the test It is largely formed of connectr 
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loop gives rise to the double or paired vessels ” seen branching 
through the test (see Fig. 17, r)* The two vessels of a pair are 
one blood-channel imperfectly divided by a connective- tissue 
septum. The blood courses out along one side, round the com- 
munication in a “ terminal knob ” at the end, and back down the 
other side. The " tenninal knobs ” are very numerous, and form 
a marked feature in the outer layer of the test (Fig. 17, t.h)\ 
in some cases (Cideolus murrayi), they probably form an accessory 
organ of respiration, while in others (Botryllidae), they pulsate 
and aid in keeping up the circulation. 

The ectoderm is a simple epithelial layer (Fig. 16, ec). It is 
turned in for a short distance at the branchial aperture (mouth). 



Fig. 17. — Section through the surface layer ot test ot Asctdia mentula, x 50. hi. Bladder 
cells ; t.c, test cell ; t.k, temimal knobs of vessels ; v, vessels of test. 

and atrial aperture (cloaca), as a short stomodaeum and procto- 
daeum respectively, lined in each case by a delicate prolongation 
of the test. 

' Fig, 24, A, p. 52, shows the relations of ectoderm, mesoderm, 
and endoderm in a section through the antero-dorsal part of the 
body. The cavity marked p.lr is a portion of the atrial cavity 
lined by ectoderm, and must not be confounded with a coelom. 
The absence of a true coelom in the mesoderm will be noticed 
in this and other figures, and yet the Tunicata are Coelomata, 
although it is very doubtful whether the enterocoel which has 
been described in the development of some is ever found. The 
coelom is in any case largely suppressed later, and is only re- 
presented in the adult by the pericardium and by small cavities 
in the renal and reproductive organs and ducts. 

Body-Wall and Cavities of the Body, — The name mantle ” 
is given to the ectoderm with the parietal mesoderm which form 
the body- wall inside the test. It is largely formed of connective 
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tissues both homogeneous and fibrous — with cells, blood- 
sinuses, and many muscle - bundles large and small running 
circularly, longitudinally, and obliquely, and interlacing in all 
directions (Fig. 18, 


??i). The muscles 
are all formed of 
very long fusiform 
non - striped fibres. 
The mantle in some 
Ascidians is often 
brilliantly pig- 
mented — red, yel- 
low and opaque 
white, the coloured 
cells being exactly 
like those found in 
the blood. 

The mantle 
forms two well- 
marked siphons or 
short wide tubes, 
which lead in from 
the branchial and 
atrial apertures. 
These are sur- 
rounded by strong 
sphincter muscles,^ 
and are lined by the 



in vagina ted ecto- is — Dissection of Ascvhou, from right side, to show 
A ° A -i- i- TVi anatomy a, Anns ; At, atrial aperture , Br, branchial 
uerm and test, ine aperture ; br.s,I)r.s\ branchial sac , end, endo^tyle ; g.d, 

one leads into the genital ducts; ovary, hyp, neural gland; hyp.d, 

^ the duct leading to dorsal tubercle ; m, mantle ; n,g, 

branchial sac or ganglion ; oes, oesophagus ; p br.c, penbranchial cavity; 
modified nharvnx vesicles ; $t, stomach ; test , tn, tentacles ; 

j Ji • i.' i5y, typhlosole. 

and the other into 


the atrial or peribranchial cavity (see Fig. 18, and Fig. 

Figs. 18 and 19 show the relations of the branchial and 
peribranchial cavities to one another. The peribranchial cavity 


^ These sphincters close the only openings through the tough test so effectually 
that when collectors are preserving Ascidians in alcohol it is advisable to make one 
or more slits in the test to allow the sea-wrater to escape and the spirit to enter. 
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pectoral fins. According to the same observer, the air-bladder 
is an accessory* respiratory organ, supplementary to the gills, 
.rather than a hydrostatic organ. 

In r. 'bichirthe eggs ripen from June to September, inclusive, 
and, as in most other Nile Fishes, the breeding season is during 
or just after the period of inundation. P. senegalus and P, 
laprudci spawn during the rainy season in the months of July, 
August, and September, but nothing is certainly known as 
to the place or mode of deposition of the eggs. During the 
breeding season Polypterus is unusually active and excitable, 
and at this period the anal fin of the male becomes greatly 
thickened and enlarged, and has its surface thrown into deep 



Fia. 280. — Map stowing tte distribution of the Polypteridae. 

folds between the successive fin-rays.^ The use of the modified 
fin is not known. During his stay at McCarthy Island, about 
160 miles up the Eiver Gambia, Budgett^ was fortunate in 
securing a larva of I', senegedus, 1 to l'^ inches in length, or 
only about one-third the length of any larval Mypterus previ- 
ously known (Fig. 281). The larva is described as a most 
beautiful object, “ marked with black stripes on a golden ground, 
with a conspicuous golden stripe on each side above the eye, 
across the spiracle, and along the dorsal surface of the external 
gili” The pinnate external or cutaneous gills were relatively of 
much greater size than in the considerably more advanced stage 
figured elsewhere,* and reached half-way to the tail. The dorsal 
fin is not divided into finlets, and behind it is continuous with 
the caudal, while the anal fin is scarcely distinct from the 

* Budgett, Trans, Zool. Soe. xv. Pt. vii. 1901, p. 330. 

» Trans. Zool. Soo. xvi. Pt. iL 1901, p. 118 ; also footnote on p. 817. p. 290. 
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opens to the ex tenor doi sally by the atiial apeitnre, forms the 
cloaca along fehe-^isal edge of the body, and has extensions 
laterally on each side of the branchial sac, with the mteiioi of 
which it IS placed in communication by the secondary giU-slits 
01 ‘ stigmata (Fig 19, sg) Along the ventral edge the mantle 
IS united to the wall of the branchial sac, and it is only this 
union (Iig 19, end) that pi events the peribianchial cavity from 
completely suriounding the bianchial sac 

The following list of the ca'vities piesent in the body of the 
adult Ascidict maj be useful at this point — 

1 The alimentary canal, including the bianchial sac This is 
deri\ed from the archenteion of the embijo, is lined thioughout 
by endodeim, and the system of cavities of the intestinal gland is 
to be legarded merely as an outgiowth from the ahmentaiy 
canal 

2 The peiibianchial (atrial) cavity, deiived from two lateral 
ectodeimal invaginations which join dorsally to foim the cloaca 
and open to the exterior by the atiial apeitme 

3 The original embryonic segmentation cavity (blastocoele) 
remains, where not obhterated by the development of the meso- 
dermal connective tissue, as the irregular system of blood spaces, 
with its outgrowths in test and branchial sac The heart, which 
has differentiated musculai walls, becomes secondarily connected 
at its ends with these blood spaces 

4 The pericardium and epicardium (see p. 83) originate as 
outgiowths fiom the archenteron They may therefore be re- 
garded as enteiocoelic spaces The pericardium becomes com- 
pletely closed off and separated fiom the alimentary canal The 
epicardium may form paired tubes of gieat length, and may 
remain permanently connected with the branchial sac 

5 The cavities of the renal vesicles and of the gonads and 
ducts are spaces formed in the mesoblast They have been 
■vaiiously interpreted — 

(a) As of the same nature as the blood spaces (blastocoelic), or 

(&) As foimed by a splitting of the mesoblast (coelomic) 

6 The cavity of the neural gland and of its duct opening at 
the dorsal tubercle is derived from the primitive dorsal neural tube 
of the embiyo, and so may be regarded as a part of the lumen of 
the cerebro-spmal nervous system 

Tentacles, etc — The branchial aperture leads through the 



SI RUCTURL — ^TENT KL EEs, 11 C 4 S 

branchial siphon into the biancliial sac At the lust oi tlu 
siphon, just about the line of junttion ol the ettutkuu <4 the 
stomodaeum with the eiidodeiui of the luestnkiun is pliutl i 
circle of simple hair-like tentacles (F14 IS, in) whitli st nul out it 
ii<jht angles to the wall, and iiioie 01 less coinpkUh nutt m tin 
centre to form a delicate, sensoiy giul 01 su\e thum^h wlut h ill 
the water entering the hodj has to pass Thcst ti ut<u It s not onh 
act mechanically, but aie also seiisitue although onh si itliml 
sensory cells, and no specially ditfeieiitnted sense-oiains an 
found upon them Behind the teiitadcs lies the plain 01 pijul 

ren 



aperture seen from anterior fauifice left side uppci most if Vtiitl 
atrial lobe, Br branchial st-c c/, cloaci c «, lOiuicitiM </ // s doisi! \h I 
sinus dl dorsal lamina etui cudostylc , (/d gtmtal diuts / t inti'stnu I 
interstigmatio vessel, on mantle, itb, nmsck buiKlks ? o\ar\ j f }»i 
branchial cavity ?, lectum , rew renil\esicUs s/, stigiimt i ydt itii tl sphim ta 
i test tr transverse vessel , tyf tjphlosok , t bl s, vtiiti il U m 1 siinis 

lated, piebranchial zone (Fig 21, _/?&? liouuded h« hind b\ a 
pair of parallel and closely placed ciliated ridges with a jnnwc 
between — ^the peripharyngeal hands — which iiiciulu the ante riot 
end of the branchial sac 

The branchial sac is very large — much the ]argi>st oigiii <4 
the body — and extends almost to the postenoi end ot the hod\ 
while the rest of the ahmentary canal lits ujinn its left side 
The food particles consisting of mjcroseopic plants <m(l .mimals 
are carried m through the hranoliial aperture hy tht> tun cut ol 
water, but most ot them do not pass out thiougli tli<‘ gill-slit« to 
the atrium, being entangled m the viscid mucus which luiswts 
by cihary action along the groove between the iwriphai viu'ca! 
bands 
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Endostyle. — The mucus just referred to is produced in the 
long canal-shaped gland called the endostyle or hypohranchial 
groove, which runs along the entire ventral edge of the 
branchial sac (Kg. 18, end). The sides, and especially the floor 
of the endostyle, are richly ciliated, while there are four (or six) 
strongly -marked, peculiarly -shaped glandular tracts, two (or 
three) on each side (Fig. 20, gl) running along its length, and 
separated by areas of closely-packed fusiform cells with short 
cilia, amongst which are found some bipolar sensory cells. 

This organ corresponds to the hypopharyngeal groove of 



Fig. 20. — Transverse section of the endostyle of Ascidia onentula, x 350. bl.s, Blood- 
’ sinus ; end.l, lips of the endostyle ; y/, glandular tracts ; i.l, internal lon^tudinal 
bar ; l.v^ interstigmatic vessels ; m, mantle ; jp.brj peribranchial cavity ; stigmata ; 
v.bLs, ventral blood-sinus. 


Amphioxus and the median part of the thyroid gland of Verte- 
hrata. It is interesting to notice that the (at least) four longitudinal 
tracts of gland-cells are of remarkable constancy, being found 
not only in all groups of Tunicata, including even the pelagic, 
tailed Appendicularians, but also in Amphioxus and in the 
young thyroid gland of the Ammocoete. When, in Ascidians, a 
third marginal glandular tract is added it has a different appear- 
ance from the two characteristic tracts. The mucus is carried 
forward by the action of the large floor-cilia of the endostyle 
(Fig. 20) to the groove between the peripharyngeal bands, and 
after encircling the anterior end of the branchial sac and collect- 
ing the food particles, it passes backwards along the dorsal edge 
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of the branchial sac to the oesophagus, guided hy d nuuubrciuouw 
fold, the dorsal lamina (Fig. 21, dJ), which is more or less ridged 
or corrugated, and may be armed with marginal t<igs or t*\ou 
replaced by larger processes (the “lauguets”) in some sjavies 
of Ascidians. In the living animal the lamina Ims its free 
edge curved to the right hand side in sucli a maiiiuu' as to 
constitute a fairly perfect tube along which Iraiu of food 


passes. 

Branchial Sac. — Thus we have the dorsal hiniina (^(u* tlu^ 
languets) along the dorsal edge, the endostyle along the vtmtiMl 
edge, and the peripharyngeal bands around the anterior end. 'Jdu* 
wall of the branchial sac itself is penetrated by a large* nninlKu* 


of channels through 
which blood flows. Some 
of these run in one direc- 
tion and some in an- 
other, so as to form 
complicated networks, 
which differ greatly in 
their arrangement in 
different Ascidians. Be- 
tween these blood- 
channels there are clefts 
('' stigmata ”), the 
secondary or subdivided 
gill-sHts, by means of 
wliich the current of 
water passes from the 
branchial sac to the 
large external peribran- 
chial or atrial cavity. 
All the stigmata (of 



Fig. 21. — Aiitero-dorsal part ot i>harjn\ m Asruiuf 
menfida, x 15. hr.s<, Part of bruiuOiiuI «a»* ; 
dorsal lamma ; ikusal pn 

kraiidiial zone; p,ii, penpharyn^^Mi hamL : 
sphincter of branchial aperture ; in, tcutueh*. 


which there may be several hundred thousiind) in the wall <il' 
the branchial sac are bounded by cubical or columnar cpithflial 
ceUs, which are cibated. These cilia, so long as thti animal is 
alive, are in constant motion, so as to drive the water onwarda. 
and it is this constant ciliary action in the walls of the branchial 
^c that gives rise to the all-important current of water stri'am- 
ing through the body. In addition to the stigmata there are 
generally one or two much larger elongated slits (Garstangs 
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pharyngo-cloacal slits) placed close to the dorsal lamina and 
leading direct to the cloaca. 

Fig. 22 shows a small part of the wall of the branchial sac, in 
which it may be seen that the bars containing the blood- 
channels are arranged in three regular series: — (1) The “trans- 
verse vessels ” which run horizontally round the wall and open 
at their dorsal and ventral ends into large median longitudinally 
running tubes, the dorsal blood-sinus (or dorsal aorta behind 
the dorsal lamina, and the ventral blood-sinus (or “branchial 
aorta beneath the endostyle ; (2) the fine longitudinal or 

“ inters tigmatic vessels ” which 
^ run vertically between adiacent 

'•Cocj L) o 

transverse vessels and open into 

B them, and which therefore bound 

zir z.i. {'"-P the stigmata; and (3) the “in- 

■ ternal longitudinal bars ” which 

run vertically, in a plane internal 
to that of the transverse and 
fine longitudinal vessels. These 
A bars (Fig. 22, il) communicate 

with the transverse vessels by 

short side branches where they 

cross, and at these points are 

Fig. 22.— a mesh of the hrancliial sac of prolonged into the cavity of 

uisGidia, seen A, trom inside ; B, in -y ® . p i n 

horizontal section. c.d^ Connecting the Sac in the form of liollow 
duct ; horizontal membraua ; i?, j gO, Ascidians 

internal longitudinal bars ; inter- * 

stigmatic vessels ; p\ papillae ; sg, (e.g. CoTelld and moSt of the 
stigmata I tr, transverse vessel,. MolguUdae) tlie interstigmatic 

vessels are curved so that the stigmata form more or less com- 
plete spirals (see Figs. 35 and 41). In some species of AscUia, 
and other Ascidians, the interstigmatic vessels are inserted into 
the ^transverse vessel in an undulating course in place of the 
straight line seen in Fig. 22, B, Ld, the result being that the 
stigmatic part of the wall of the branchial sac seems to be folded 


or thrown into microscopic crests and troughs. This is known as 
“ minute plication.” In some cases, again (Cynthiidae), the 
whole wall of the sac is pushed inwards at intervals to form 
large folds visible to the eye (see Fig. 36, A and B). The 
intersections of the internal longitudinal bars with the trans- 
verse vessels divide up the inner surface of the branchial 
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sac wall into rectangular areas called " nicalies.” One such mesh, 
containing eight stigmata in a row, is seen in Fig. :22, A. The 
internal longitudinal bars bear pipillao at the angles of' tin* 
meshes, and occasionally in intermediate jwsitions. I'lu'n* are 
frequently horizontal membranes (Fig. 22, P>, h.m) attached to 
the transverse vessels between the papillae. Thi'rt' are many 
"connectives” running from the outer wall of the branchial sac 
to the mantle outside, and allowing the blood in the transverse 
vessels to communicate with that in the sinuses of the mantle 
(see Fig. 19, eon). 

Heart and Circulation. — It is one of the notable rea,tures of 
the Tunicata that the circulation is not constant in direction, 
but is periodically reversed. 

The blood of Ascidians is in the main transparent, luit usuallv 
contains certain pigmented corimscles in addition to many 
ordinary leucocytes or colourless amoeboid cells. The pigment iii 
the coloured cells may be red, yellow, Iwown, or in some <n.scs 
blue or opaque white. The blood may reach the branchial sac 
either from the dorsal or from the ventral median sinus aeeordimr 
to the direction in which the heart is beating at the moment isee 
below); and it is a most interesting and beautiful sigld to sei> 
the circulation of the variously coloured corpusedes throimli the 
transparent vessels, and the lashing of the cilia along th”ed.ms 

of the neighbouring stigmata in a small Ascidian under The 
microscope. 


ln AM%dm (Fig. 23) the heart is an elongated fusiform lube 
placed on the ventral and posterior edge of the stomaeli, proiect- 
mg mto a space (the pericardium) wliich is a part of the oriiiinal 
coelom, the remainder of which is represented in the mlult bv 
the reproductive and renal cavities. The wall of the heart is 
eontinuous along one edge with that of the pericardium, ami tin- 
B ^ invagination of the iK^riem-dial 

of thf embrf T w «l>ace (tli(> hlastomsd 

!L hr ends which comimmieate wiih 

and toTbe branchial sac. to the viscera 

C of eni b J « «>iglc 
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tioii pass along the heart from end to end, first for a certain 
number of beats in one direction, and then, after an interval, in 
the other. If a small or young Ascidia be placed alive, left 
side uppermost, in a watch-glass or small trough of sea-water 
and examined with a low power of the microscope, the heart will 
be readily seen near the posterior end of the transparent body. 
It will be noticed that the “ beating ” looks like successive waves 
of blood pressed through the tubular heart from one end to the 
other by its contractions. After watching the waves passing, let J 
us say, from the right hand end of the heart to the left for abonU 
a minute and a half (perhaps 60 or 80 to 100 beats), it w» 
be seen that they gradually become slower and then 
altogether. But after seven or eight seconds a faint wave of 
contraction will start from the left end of the heart and pass 
over it to the right ; and this will be followed by larger ones 
for a minute and a half, and then again a pause will occur and 
the direction change. It has been suggested that the cause of 
this remarkable reversal may possibly be that the heart being on 
the ventral vessel, which is wider than the corresponding dorsal 
trunk, pumps the blood into either the lacunae of. the branchial 
sac or those of the viscera in greater volume than can possibly 
get out through the smaller hranchio- visceral vessel in the 
same time, the result being that the lacunae in question soon 
become engorged, and by back pressure cause the stoppage, and 
then reversal of the beat. The absence of any valves in the 
heart to regulate the direction of flow obviously facilitates this 
alternation of the current. 

The larger channels through which the blood flows may be 
lined with a delicate endothelium, but the smaller passages are 
merely spaces in the connective tissue. The heart, although 
anatomically a ventral vessel,” runs in the main dorso-ventrally. 
The blood-channel leaving the ventral end of the heart is the 
" branchio-cardiac vessel ” (Fig. 23, Kc), This gives off a branch 
which, along with a corresponding branch from the “cardio-visceral” 
vessel (c.v) at the other end of the heart, goes to the test, and then 
runs along the ventral edge of the branchial sac as the branchial 
aorta (l,a), external to the endostyle, communicating laterally 
with the ventral ends of all the transverse vessels of the branchial 
sac. The cardio- visceral vessel (Fig. 23, c,v) after giving off its 
branch to the test breaks up into a number of sinuses which 
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laimfy ovei the alimenUii} cxinl xucl the (ithii xiscui 'Hum 
M seeial lacunae finally commumcite with x fiiiul i( suius tin 
“bianchio visceial” \essel (bi) wludi luns ioiw ml ihui^ fin 
doisal edge of the bianchial su as tlu dot ml 
e-iteinally to the doisal limina, iiid joins tin dmsil < mis el dl 
the transveise vessels of the bi inthial sic liisidts tins. Hm, 
chief systems — the biaiichio-cauliac, the caulio-iismU uni tin 
kanchio-visceral— (see hi^ 2 !), thue xio maiieimis Inunn tn 
all paits of the body by me ms of which mastomosos tic c sf tblisln <1 
between the different cunents of blood 

When the heait contiacts xentio-doisilli thc^ tout so oi tin 



^eolation is as folloxxs —the blood which is llowum fin,,, ml. 
he vessels of the branchial sac is collected m an .r^ a 
condition in the branchio-cardiac vessel md ,lt., ’ 

functions, and what a u 4 . uitttits ( 

Oie amiJLgdoi ^ “ Ptaoiuraon | 
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Vll ilu Mooil spms ni<! luuiut ue ])io])iljh demed like 
till I iMi\ (»t {\w lu lit tionx tlu bUstococl ot the eiubi}o and 
lu not lik« thiM i\it\ ot tlu pAiunduim i pait ol the coelom 
(ot i ndoih nu il oii^nO 

Neural Gland and Dorsal Tubercle — Tii the doisal median 
li!u III n thi iiitmoi ind ot the lunh nid imbedded m the 
iiuntli on tlu \i nti il ‘ ''ini u i ot the lune i^in^hon, there hes a 
Miuill ^huduhi iiuss — tlu nein il ^litul — which as Julin hrst 



Fig 2t — A.iitero doisil part of iscuha the relations ol the lijers of the body 

and of tlu IK nous systau A in sagittal section , B, in transverse section dbls 

1) 01 sal 1>1 )od sinus f <l<)isil Umini d n doi sal nerve dt, dorsal tubeicle 

eiff cctodeim , <n uidodeim e /> b/ tpitlulium of pcribr inohial cavity , gld duct 
ol subiieui il glaiul / 1 j imts to the eili ittd epithelium covering a longitudinal 
vessel of Inanehial sie, m, mantle v neivt 71 q ganglion, « neural gland 

2) hi perihranc hial cavity, jtjjb, ptnphiijugeal bonds, &ph branchial sphincter 
tf t , test , tentacle 


showed, there is some reason to regard as the homologue of the 
hypophysis ceiebrx ot the Vertebrate brain Metcalf has recently 
shown that the neural gland may he a double structure — ^partly 
cerebial and paxtly stonxodaeal — as in Yeitebrates 

The function of this gland is still somewhat mysterious It 
may merely form the viscid secretion which is carried along the 
peripharyngeal bands and down the dorsal lamina On the other 
hand, it has been suggested that the function of the organ may 
possibly be renal, for the removal ot nitrogenous waste matters m 
the neighbourhood of the nervous system Finally, it may be a 
lymph gland. 

^ Except in Cyntbiidae and Botryllidae where it is dorsal 
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The neural gland, whieh was first noticed by ITam'ock, may 
be continued backwards along with the dorsal iu'v\c, mid it 
communicates anteriorly by means of a narrow duct, with the 
front of the branchial sac (pharynx). Tlio opening of tlu> dm-t 
is enlarged to form a funnel-shaped cavity (h'ig. il-k A>. which 
may be folded upon itself, convoluted, or even liroken u]i into a 
number of smaller openings (see Fig. 4:>, i». Til), so as to ibriii a 
complicated projection called the dorsal tubercle, .situated in the 
dorsal part of the prebranchial zone. The dorsal tub(‘rcle in 
Jsrid'ia is somewhat horsc-.sh()e shi!.])ed i Fig. 21, (/./•: it 

varies in most Ascidians (see Fig. dd) according to tlu‘ genus ami 
species, and in some cases in the individual also. Sensory cells 
are found in the epithelium, and so it is highly probalile that, 
besides being the opening of the duet from the neural glnn<l. this 
convoluted ciliated ridge may be a .sense-organ fur testing the 
quality of the water entering the branchial .sac. 

Nervous System and Sense-Organs. — The singh' elongatt'd 
ganghon (Fig. 24, n.g), in the median dorstil line of the niantli", 
between the branchial and atrial siphons, is the only ner\e- 
centre in Aseidia and most other Tunieatii. It. is the degenerate 
remains of the dorsal wall of the tubular cerebru-spinal m'rMui.s 
system of the trunk-region of the tailed larval A.sei(lian- the 
ventral wall opposite having given rise to the suhneiuMi gland. 
The more posterior or spinal part of the larva has almost entirely 
disappeared in most adult Timicata. It persists, Imwever, in the 
Appeadiculariidae, and traces of it have hecn found in the dursii! 
nerve running backwards towards the ocRo])hagus in .some A.«iddians 
(e.g. Glavelim). It may be gauglionatod iii IVIolgTilidae. 

The ganglion Ixas small rounded nerve-cells on its surfiiw. 
and interlacing nerve-fibres inside. It gives off distributnry 
nerves at both ends (Fig. 24, A), which run through thi' 
mantle to the neighbourhood of the ai>ei’tures, when* they divide 
up to supply the lobes and the sphineter muscles. The 
only sense-organs are the ])igment spots (“ocelli," funned of 
modified ectoderm cells imbedded in red and yellow pigiiu'iit), 
between the branchial and atrial lobes, the tenhwlus at the base 
of the branchial siphon, and probably the dorsal tulM*n*le imd 
the languets or dorsal lamina, in all of wliich, as well as in 
the endostyle and peripharyngeal bunds and in papilla** f.ii the 
ectoderm and in the branchial sac, sensory cells have been fumiil. 
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Tliese, consideicd ds beusc-oigans, aie all in a lowlj -developed 
condition The lai\c''l Ascidians on the othei hand, ha\e well 
developed intia-ceiebi il oiitic and otic bense-oigans (see Fig 26 
p 60), and m some of the pelagic Tmiicata, otoc}st& and pigment- 
spots aie lound in connexion with the ganglion. 

Alimentary Canal. — The mouth and pharynx (branchial sac) 
have already been desciibed The reinaindei ol the alimentary 
canal is a bent tube, which in A mentula and most other 
Ascidians lies imbedded in the mantle on the left side of the 
body, and projects into the iieiibranchial cavity (see Figs 18 and 
19) The oesophagus leases the branchial sac in the dorsal 
middle line, near the posteiior end ot the dorsal lamina It is a 
short cuived tube which leads centrally to the large iusiform 
thick-walled stomach, iidged internally The intestine emerges 
from the vential end of the stomach and soon turns antenorlj, 
then dorsally, and then posteiiorly, so as to form a cuive, the 
intestinal loop, in which the oxary lies, open posteriorly The 
intestine now curves anteiioily again, and from this point runs 
nearly straight forward as the lectuni, thus completing a second 
curve, the rectal loop, in which the renal vesicles he, open 
anteriorly The wall of the intestine is thickened internally to 
form the typhlosole (Fig 18, ty), a pad which runs along its 
entire length, so as to reduce the lumen of the tube to a crescentic 
slit The anus opens into the dorsal or cloacal part of the 
peribranchial cavity near the atrial apertuie The walls of the 
stomach are glandular, and most of the endoderm cells lining the 
tube aie cihated A system of delicate, microscopic, branched 
tubules with dilated ends (the refrmgent organ ’), which 
ramifies over the outer wall of the mtestine, and communicates 
with the cavity of the stomach at the pyloric end by means of a 
duct IS probably a digestive gland There is in Asc%d%(i no 
separate large gland to which the name hx ei ” can be apphed, 
as in some other Tunicata 

Renal Organ — A mass of large clear-waUed vesicles which 
occupies the rectal loop (Figs 18 and 19, ren), and may extend 
over the adjacent walls of the mtestine, is a renal organ without 
a duct Each vesicle is the modified remains of a part of the 
primitive coelom or body-cavity, and is formed of cells which 
eliminate nitrogenous waste matters from the blood circulating in 
the neighbourmg blood-lacunae, and deposit them m the cavity of 
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the vesicle, where they form one or more coneeiilrically laminat(‘<l 
concretions of a yellowish or l)rownish colour, sometiin(\s coated 
with a chalky deposit. These concretions contain uric acid, and 
in a large Ascidian are very nuinerous. The nitrogenous wash* 
products are thus deposited and stored u]) in the rena.l \t\sudes in 
place of being excreted from the body. In other .Vseidians tl it‘ 
renal organs may differ from the above in position and stnudurt^ : 
but in no case have they any excretory duct, unless the neural 
crland is to be regarded as one of the renal organs — which has not 
yet been proved. 

Reproductive Organs. — Asculia meyitula is heriua}>hr<)dite, 
and the reproductive organs lie with the alimentary (*anal, on tlu‘ 
left side of the body (ihg. 19, ov). The ovary is a raniilitul gland 
which occupies the greater part of the intestinal loo]>. It con- 
tains a cavity which, along with the ca%dties oi‘ the testis, is deri\ c<l 
from an embryonic coelom; the ova are formed from its walls, 
and fall when mature into the cavity. The oviduct is continuous 
with the cavity of the ovary, and leads forward alongsi<U» I Ik* 
rectum, finally opening near the anus into the peribram'Iiiul 
cavity (Tig. 18, g.d). The testis is composed of a grcai nunilK*r 
of dehcate, branched tubules, which ramify over the (»vavy ami 
the adjacent parts of the intestinal wall. These tubules terminate 
in ovate swellings. Near the commencement of the reetum the 
larger tubules unite to form the vas deferens, a tulje of eonsi(h*r- 
able size, which runs forward alongside the rectum, and, like the. 
oviduct, terminates by opening into the x)eribraiichial (*avity (dost* 
to the anus. The lumen of the tubules of the testis, like the 
cavity of the ovary, is a part of the embryonic mesobhxstie s})at*e, 
and the spermatozoa are formed from the cells lining the wall. In 
some Ascidians (certain Molgulidae and CYnthiidae), rei»r<)dnetive 
organs are present on both sides of the body, and in otlu*rs, 
as in Polycarjpa, there are many complete sets of both male and 
female systems attached to the inner surface of the mantle on 
both sides of the body and projecting into the peribruxiehiHl 
cavity. 


Embryology and Life-History of a Typical Ascidian. 

The eggs of Tunicata are for the most part of small size, 
nearly colourless and transparent, and with little or no food-yolk. 
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In some, ho\\e\ex (such us some and some 

Compound Asudians), the eggs aie kigei, moip">paque, and have 
a fair amount of lood-yolk 0 ^a ol this type*'a^e not expelled 
from the body ol the paieiit as o^a but aie feit&ised, and remain 
in the atiial ca\ity 01 in a special dneiticulum thereof— the 
incubatory pouch — until they aie lai ad\ anced in development , 
and usually leave the bodj as tailed laivae In many species the 
ova and spermatozoa matuie at different times in the hfe-histoi} 
and so self-feitilisation is prevented Some species (such as 
many Botryllidae and Distomatidae) are piotogynous, the o\a 
being produced and shed before the testes have matured while 
other species {00610001 mus 1 iuxley%) aie protandrous, being male 
while young and female later But there is no doubt that m 
other cases (eg Asc'idicc mentula) self-fertili&ation is not onl} 
possible, but does take place Aftei maturation ceitain of the 
folhcle-cells which invest the ovum in the ovary migrate mto the 
egg and piohferate so as to form a layer m the superficial pait 
of the egg, where they appear as the so-called testa-cells ” or 
kalymmocytes ” (Fig 25 , A, io) The remainmg follicle-cells 
may form two or more layers usually one of large cubical cells 
which may become greatly vacuolated, next to the ovum, and an 
external flattened layer which is cast off when the egg escapes 
from the ovary 

Segmentation is complete and results in the formation of a 
spherical blastula with a small segmentation-caMty (Fig 25 , C) 
The blastula grows larger and begins to differentiate^ Ther^ 
are slightly smaller cells which divide more rapidly at one end of 
this embryo, the future ectoderm, and slightly larger and more 
granular cells at the other, which become chiefly endoderm 
(hypoblast) Invagination of the larger cells then takes place 
(Fig 25 , D), resulting in the formation of a gastrula with an 
archenteron The hypoblast cells hmng the archenteron become 
columnar (Ity) The curving and more rapid growth at the 
anterior end of the embryo narrow the primitively wide opn 
blastopore, and carry it to the posterior end of the future dorsal 
surface (Fig 25 , E) The orientation of the body is nW clear 
The embryo is elongated antero-posteriorly, the dorsal surface is 

^ Tlie early stages of Oiona^ of which. Castle has given a very complete account 
{Bull Mus Oomp Zool xxvii No 7, 1896), differ in some points from those ol 
Asc%d%a described heie 
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flattened, and the blastopore indicates its posteiior end Around 
the blastopore the large ectodeim cells torin a luedulhu'i ]il.itt', 
along which a groove (the niedullarj' groo%e), runs luiw.irds, 
bounded at the sides by medullary folds vhich meet behind Ihe 
blastopore. Underneath the posterior part of the medullary grou\ e 



Fig. 25. — ^Embryology of nAjjadian. A, mature ovum : fdU follicle-cell . )t\^ menibraiu* ; 
TO, nucleus , _p, protoplasm ; t c, test-cell , B, mature spei malozoon ; 0, segmentation- 
stage m section to show hlastocoel ; D, early gafitrula-stage ; E, later gastiula stage ; 
F, later emhryo showmg rudiments of notochord and neural tube , Ct» tiansiirau 
section of body of embryo showing mesohlast and formation of ncunl canal . H, htle 
embryo showing body and tail, notochord, neural canal, and mehenteron : I, >oung 
larva ready to be hatched ; K, transverse section ot tail ot larva, a/, Archeuteron ; 
oi, atrial invagination, a?/, otocyst; 5c, hlastocoel ; 5^, blastopore ; f//, notochoul ; 
ej7, epiblast; /, tail-fin, hy, hypolilast ; mb, mesoblast; mesenteron : nnne, 
muscle-cell to c, neural canal, nec, neurenteric canal; 7U, neural vesicle; nc, 
ocellus, (Modified from Kowalevsky and others.) 


certain of the hypoblast cells from the dorsal wall of the ar<.*heri- 
teron, in the median line, form a hand extendin^^ forwards ( Fig. 
25, E, ch). This band separates off from the hypoblast, whudi 
closes in beneath it, and thus gives rise to the notd(*h<)nl ( Fig. 
25, F). The more lateral and posterior cells become mcHohlast, 
and separate off as lateral plates, which show no trace of metaineric 
segmentation (Fig. 25, Gr), The remainder of the arcdicnti*ron/ 
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becomes the branchial sac, and by further growth buds off the rest 
of the alimentary canal. 

The medullary groove now becomes converted into the closed 
neural canal by the growing up and arching inwards (Fig. 25, G 
n,G) of the medullary folds, which unite with one another from 
behind forwards in vsueh a way that the blastopore now opens 
from the enter on into the floor of the neural canal, forming the 
neurenteric passage (Fig. 25, F, n.c.c). For a time the anterior 
end of the neural canal remains o])en as a neuropore. By this 
time the posterior end is elongating to form a tail, and the 
embryo is acquiring the tadpole-shape (Fig. 25, H) characteristic 
of the free larva. Tlie tail grows rapidly, curves round the body 
and also undergoes torsion, so that its dorsal surface comes to lie 
on the left side. It contains ectoderm cells on its surface, noto 
chordal cells (in single file) up the centre (see Fig. 25, H, ch\ i 
neural canal dorsally, and a row of endoderm cells representing 
the enteron ventrally to the notochord. Later on the mesoblas 
also is prolonged into the tail, where it forms a band of striatec 
muscle-cells at each side of the notochord. When the ectodem 
cells begin to secrete the cuticular test this forms two delicat 
transparent longifcKlinal (dorsal and ventral) fins in the tail (Fig 
25, K,/), and esp^i|^lly at its extremity where radial thickening 
form striae resembling; fin-rays. The ectoderm on the anterior en( 
of the body grows out l^ree adhering papillae (Fig. 26, A). 

The neural canal now differentiates into a tubular dorsa 
nervous system. The anterior end dilates to form the thin 
walled cerebral vesicle (see Figs. 25, 1, and 26, A), containing late 
the intra-cerebral, dorsal, pigmented eye (oc), and the ventra 
otolith (au) of the larva. The next part of the canal thicken 
to form the trunk-ganglion, and behind that is the more slende 
“ spinal cord,” which runs to the extremity of the tail. A ciliate 
diverticulum of the anterior end of the enteric cavity (futur 
^pharynx) which enters into close relations with the front of th 
cerebral vesicle,^ and later opens into the ectodermic invaginatio 
which forms the mouth at that spot, is evidently the rudiment c 
the neural duct or hypophysial canal. The future .^mchial sa 
(pharynx), with a ventral median thickening which wilT beTE 
endostyle, is by this time clearly distinguishable by its large siz 

^ Possibly tke diverticulum may be wholly derived from the neural tube (se 
Willey, Quart J, Micr. Sd, 1893). 
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fiom the much naiiowei posteuoi pait ot the enUioii ^\llKh 
glows out to become the oesophagus stomach xnd lutcstiiu 1 lu 
notochoicl does not extend foiwaid into the phiiMii>cil u L,ion 
but IS confined to the posteiioi oi caudal pait of the oiiihi\o It 
now shows lenticular pieces of a gelatinous mteicollul n subs! nut 
secreted b} the cells and l)mo between them (1 ig i") 1) 11 k 

mouth foims as a stomodaeum, oi ectodcimil iini^inition 
anteio doisally in the region where the neuiopoit luis dond and 
aliout the same time two lateial ectodeimal nn olutions foim 
(Fig 26 A, c(t) which become the atnal oi pciibianclii il 
pouches, at first distinct, afteiwards united in the mid doisil lim 
to form the adult cloaca and atrial apeituie Tngiowths liom 
the atrial pouches and outgrowths fiom the wall of the ])hai)n\ 
coalesce to foim the inoto-stigniata QuimaiN gill-slits) which 
the cavity ot the branchial sac is first placed in commiinu<iiion 
with the exteiior through the atiial apeituies Opinions diflci 
as to whethei only one oi a few pans ot tiue gill-cktts aie upie- 
sentecl m the young Ascidian, and the actual det<uls oi then 
formation and subdi\ision, to foim the stigniat<i ot the adult, 
differ considerably in different foims In Chnehna tlu stigmata 
aie formed as independent perforations ot the phaijngcal w ill 
in Ascid%a two pairs of piotostigmata inciease to si\ pans wliuh 
are subdivided into stigmata, Botiyllm and otliei toims an 
inteimediate in some respects No doubt the subdivision ot pioto- 
stigmata is primitive, but has been lost tiom the ontogenj ni 
some cases To what precise extent the walls ot the <itrial oi 
peribianchial cavities are foimed of ectodeim, or of endodeim, is 
still doubtful 

The embryo is hatched about two or three days atki lertilis<i- 
tion as a larva or Ascidian tadpole (Fig 26, A) which le<uls a 
free swimming existence tor a short tune, during which it de\eloi>s 
its nervous system and cerebial sense-organs, and the j^oweitul 
mesoblastic muscle-bands lying at the sides of the notochord 
(now a cylmdiical rod of gelatinous nature surrounded b} the 
remams of the original cells) in the tail which toim the 
locomotory apparatus Fig 26, A, shows this stage, the highest 
in Its chordate organisation, when the lar\a swims actnelj 
through the sea by vibrating its long tail with the dors.il and 
ventral fins 

In addition to the structures already mentioned, the mesoderm 
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has formed the beginning of the muscular body -wall, the con- 
nective tissue around the organs, and the blood; the endostyle has 
developed as a thick-walled groove along the ventral edge of the 
pharynx, which has become the branchial sac; and the peri- 
cardial sac and its invagination the heart have formed in the 
mesoblast between the endostyle and stomach. The “ epicardiac 
tubes ” grow out from the posterior end of the endostyle to join the 
pericardium. They play an important part in the formation of 



Fig. 26. — Metamorphosis of an Ascidian. A, free - swimming tailed larva ; B, th 
metamorphosis — larva attache<l ; C, tail and nervous system of larva degenerating 
D, further degeneration and metamorphosis of larva into E, the young fixed Ascidiai 
at, Atrial invagination ; cli, notochord ; hy, hypoblast cells ; i, intestine ; m, mouth 
mes, raesenteron ; tz.c, neural canal ; n.v, neural vesicle with sense-organs. (Modifie 
from Kowalevsky and others.) 

buds in the colonial Tunicata. The heart acquires a connexio 
with blastocoelic blood -spaces at its two ends. The heai 
and pericardium show the same relations in Tunicata as i 
Enteropneusta, but it is very doubtful whether these organs ai 
genetically related to the Yertebrate heart. 

The unpaired optic organ in the cerebral vesicle whe 
fully formed has a retina, pigment layer, lens and cornea ; whi 
the ventral median organ is a large, spherical, partiaE; 
pigmented otolith attache^ by delicate hair-Uke processes 
the summit of a hollow "crista acustica” (Fig. 26, A), Aft 
a few hours, or at most a day or so, the larva attaches its€ 
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1)} one 01 moie of the three anteiioi ectodeiinal glancliilai 
papillae (one dorsal and two lateial) to some foieign bod} , ind 
commences the letrogressne metamoiphosis 'which leids to the 
adult state The adlieiing papillae, having perfoinicd iluii 
function, begin to atioph} , and their place is taken by the rapidl} 
increasing test The tail which at fiist \ibiates lapidly is paitl} 
withdrawn fiom the test and absoibed, and partly cast oft in 
shreds (Fig 26, B 0, D) The notochoid, nei\ e-tube, mnscleb 
etc,aie withdrawn into the body, where they break down and 
are absoibed by phagocytes The posteiioi part of the nei\e 
cord and its anteiioi end with the laige sense-organs disappeai 
and the middle part oi tiunk- ganglion is reduced to toim 
the relatively small ganghon of the adult, underneath which 
the hypophysial tube gnes rise to the neural gland ^\hile the 
locomotory, neivous and sensory oigans aie thus disai)peaiing, or 
being reduced the ahmentar} canal and lepioducti’ve \iseeia are 
growing laigel} The branchial sac enlaiges, its walls become 
penetrated % blood-channels, and grow out to loim bais and 
papillae and the number of openings greatly increases b} tlie 
primal} gill-shts being bioken up into the tians\erse lows ot 
stigmata The stomach and intestine, which developed as an out- 
growth from the back of the branchial sac at the light side, 
become longer and cur've, so that the end of the intestine ac(fuiies 
an openmg into at first the left hand side, and e^ entuall} the 
cloacal or median part of the atrial ca\it} The adheimg 
papillae have now disappeared, and are replaced functional!} b} a 
growth of the test o^ er neighbouring objects , and at the sanu 
time the legion of the body between the point of fi-siation and the 
mouth (branchial aperture) increases rapidly in e-sitent, so as to 
cause the body of the Ascidian to rotate through about 180"*, and 
thus the branchial siphon is carried to the opposite end from the 
area of attachment (see Fig 26, B, C, D, E) Finally the gonads 
and their ducts form in the mesoderm between the stomach an<l 
mtestine We thus reach the sedentaiy degenerate fixed adult 
Ascidian 'with httle or no trace of the Chordate characteristics so 
marked m the earher larval stage (see E and A, Fig 26) The 
free-swimming tailed larva shows the Ascidian at the highest 
level of Its organisation, and is the stage that indicates tlu 
genetic relationship of the Tunicata with the Yertebrata 

In some Ascidians with more food-yolk in the egg, oi in which 
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the development takes place within the body of tlie parent, the life- 
history as given above is more or less modified and ab])reviated, 
and in some few forms the tailed larval stage is missing. Some 
exceptional cases of development will be noted below under the 
groups to which they belong. 

The remarkable life-history of the typical Ascidian, of which 
the outlines are given above, is of importance from two points of 
view : — 

1. It is an excellent example of degeneration. The free- 
swimming larva is a more highly developed animal than the 
adult Ascidian. The larva is, as we have seen, comparable with 
a larval fish or a young tadpole, and is thus a Chordate animal 
showing evident relationship to the Vertebrata : while the adult 
is in its structure non- Chordate, and is on a level with some of the 
worms, or with the lower Mollusca, in its organisation, although of 
an entirely different type. 

2. It shows us the true position of the Ascidians (Tunicata) 
in the animal series. If we knew only the adult forms we 
might regard them as being an aberrant group of Worms, or 
possibly as occupying a position between worms and the lower 
Mollusca, or we might place them as an independent group ; but 
we should certainly have to class them as Invertebrate animals. 
But when we know the whole life-history, and consider it in the 
light of recapitulation ” and “ evolutionary ” views we recognise 
that the Ascidians are evidently related to the Vertebrata, and 
were at one time free-swimming Chordata occupying a position 
somewhere below the lowest Fishes. 
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TUNICATA {CONTINUJED) 

CLASSIFICATION: LARVACEA — APPENDICULARIANS — STRUCTURE, ETC. 
— ASCIDIACEA — SIMPLE ASCIDIANS— SPECIFIC CHARACTERS — 
COMPOUND ASCIDIANS — GEMMATION — MEROSOMATA — HOLO- 
SOMATA — PYROSOMATIDAE — THALIACEA — DOLIOLIDAE — 
SALPIDAE — GENERAL CONCLUSIONS — PHYLOGENY. 

We now turn to the systematic classification of the group ; and 
further details of structure or function, points of interest in the 
life-history such as budding and the formation of colonies, the 
habits and occurrence, and other peculiarities such as phos- 
phorescence, will all be noted under the orders, sub-orders, families 
and genera in which they occur. 

CLASS TUNIOATA. 

The Tunicata or Urochordata are hermaphrodite marine 
Chordate animals, which show in their development the essential 
Vertebrate characters, but in which the notochord is restricted to the 
posterior part of the body, and is in most cases present only during 
the free-swimming larval stages. The adult animals are usually 
sessile and degenerate, and may be either solitary or colonial, fixed or 
free. The nervous system is, in the larva, of the elongated, tubular, 
dorsal. Vertebrate type, but in most cases it degenerates in the 
adult to form a small ganglion placed above the pharynx. The 
body is completely covered with a thick cuticular test tunic ”) 
which contains a substance similar to cellulose. The alimentary 
canal has a greatly enlarged respiratory pharynx or branchial sac, 
which is perforated by two or many more or less modified giU- 
slits opening into a peribranchial or atrial cavity, which communi- 
cates with the exterior by a single dorsal exhalent aperture (rarely 
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two ventral apertures). The ventral heart is simple and tubular, 
and periodically reverses the direction of the blood-current. 



Fig. 27. — Sketch of the cluef kinds of Tnnicata found m the sea. 

This Class is divided into three Orders: — The Appendicularians, 
the Ascidians, and the Salpians (see Fig. 27). 

Order I. Larvacea (Appendicularians). 

Free-swimming pelagic forms, in which the posterior part of 
the body takes* the form of a large looomotory appendage, the 
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“ tail/’ in which there is a skeletal axis, the nrochord. A 
relatively large cuticular test, the “ house,” may be formed with 
great rapidity (in an hour or so) as a secretion from a part of the 
ectoderm ; it is, however, merely a temporary structure which is 
soon cast off and replaced by another. The branchial sac is simply 
an enlarged pharynx with two ventral ciliated openings (stigmata) 
leading to the exterior. Tliese may be regarded as the repre- 
sentatives of the primary gill-slits (undivicled) of the Ascidian. 
There are thus a single pair. There is no sei)arate peribranchial, 
atrial, or cloacal cavity. The nervous system consists of a large 
dorsally placed ganglion and a long nerve-cord, which stretches 
backwards o\'er the alimentary canal to reach the tail, along 
which it runs on the left side (morphological dorsal edge) of 
the urochord. The anus opens ventrally on the surface of the 
body, usually in front of the stigmata. No reproduction by 
gemmation or metamorphosis is known in the life-history. 

Structure and Mode of Life. — This is one of the most 
interesting groups of the Tunicata, as it shows more completely 
than any of the rest the probable characters of the ancestral 
forms. ■ It has undergone little or no degeneration, and con- 
sequently corresponds more nearly to the tailed, larval condition 
than to the adult forms of the other groups. It retains, in fact, 
the originally posterior, chordate, part of the body which is 
lost in the metamorphosis of all the other Tunicata. Hence the 
Appendicularians have been described as permanent, or sexually 
mature, larval forms, and hence also the adult Asoidia may be 
said to correspond to the trunk alone of the Appendicularian. 
The Order includes a single group, the Appendiculariida, all 
the members of which are minute (usually about 5 mm. in 
total length) and free-swimming (Fig. 28). They occur near 
the surface of the sea (and exceptionally in deeper water) in most 
parts of the world, moving in a characteristic vibratory manner 
by the contractions of the powerful tail (see Fig. 27). They 
possess the power of forming with great rapidity, from tracts of 
specially large glandular ectoderm cells, the “ oikoplasts,” an 
enormously large (many times the size of the body) investing 
gelatinous layer, which probably corresponds to the test of other 
groups, although it is doubtful whether it contains cellulose, and 
it differs also in having no immigrated cells and in its temporary 
nature. This structure (Fig. 28) was first described by Von 
VOL. vii p 
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Mertens, and by him named Hans ” , it lias recently been more 
minutely investigated by Lolimann. It is only loosely attached 
to the body, and is frequently thrown off soon after its formation 
Its function is probably protective, and possibly to some extent 
hydrostatic, and it may also be of use in straining the nutritive 
particles from the large volumes of water which filter through its 
complicated passages and perforated folds ^ The long, laterally 
compressed ''tair’ in the Appendiculariida is attached to the 
ventral surface of the body (Fig. 30), and is bent downwards and 
forwards, so that it usually points more or less anteriorly , and is 
twisted through an angle of 90'", so that the dorsal edge lies to 



D 


Pig. 28 — Appendiculanida A, Appendicula 7 la sicula, Fol, with house, B, Megalo- 

cercfus abysso7U)n, Cliuu, nat. size , C, Oikopleura cophoc&rca, Gegenh , with house , 
D, Ftihllaria meqachile, Fol, with vesicle ; E, Appendiculanau in its house , 
r and Gr, two stages in the formation of the house. (A to D from Seeliger , E to G 
from liohmann.) 


the left. It shows what have been interpreted as traces of meta- 
meric segmentation, having its lateral muscle-bands broken up 
into successive pieces (supposed myotomes, probably only cells), 
while the nerve-cord presents a series of enlargements formed of 
groups of nerve-cells from which distributory nerves are given off. 
In Oikoj^lewra the muscle-band in the tail is formed of ten cells 
fused on each side. Hear the base of the tail there is a distinctly 
larger elongated ganglion. The uxochord in the tail consists of 
a homogeneous rod surrounded by a sheath containing nuclei 
The anterior (cerebral) ganglion has connected with it an 
otocyst (Fig, 29), a pigment spot, and a tubular richly ciliated 
process opening into the branchial sac, and representing the dorsal 
tubercle and associated parts of an ordinary Ascidian. The tube 
ends in a plam or coiled cellular mass lying to the right of the 
^ See Lolimann^ S6hr7fL Naturw, Ver. Schlesw.-IToht xi. 1899, 847. 
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ganglion No neural gland is found The branchial aperture 01 
mouth leads into the simple branchial sac or phai}n\(Tig 30, 
h $) There aie no tentacles The endost}le is short, is a closed 
tube both anterioily and posteiiorly (Fig 29) and has about foui 
longitudinal lows of gland-cells There is no dorsal lamina, 
and the peiiphaiyngeal bands lun dorsally and posteriori} to 
unite close in front of the oesophageal opening The wall of the 
branchial sac does not show the complex structure usual in Tuni- 
cata, and has only two cihated apertures (Figs 30, 31, 32, sg) 
These aie homologous with the primary stigmata of the t}pical 
Afecidians, and with a pan of the gill -clefts of Vertebrates 


The} are placed fai 
back on the \ential 
surface, one on each 
side of the middle 
line and lead into 
short funnel-shaped 
tubes which open on 
the surface of the 
bod} behind the 
anus (Fig 30, at) 
These tubes corre- 
spond to the right 
and left atiial in- 
volutions, which in 
an ordinary Asci- 
dian fuse to form 
the peribranchial 



Fig 29 — Transverse section throngh anteiior part of Oiho 
jplmca to show ganglion, sense organs, endostyle, etc 
X 300 Ir Branchial sac , c f, ciliated funnel , ec^ 
dorsal ectoderm end, closed anterior end ot endo 
style , hy, hypohranchial groove in floor of branchial 
sac , n g, nerve ganglion , or gl, oral gland , ot, otocyst , 
X, opening of ciliated funnel into pharynx 


cavity The remainder of the ahmentary canal consists of 


oesophagus, stomach (which may have a glandular diveiticulum), 
intestine and rectum (Fig 30) The heait, surrounded ventrally 
b} a dehcate pericardial membrane, lies below and in front of the 
stomach, and is formed by the differentiation of the outer ends 


of epithelial cells into muscular fibriUae Two specially large 
glandular cells are placed at the opposite ends of the heart 
There are no blood-vessels except the remains of the primary 


body-cavity (blastocoel) No heart can be seen in some of the 
smaller species of Oiko'phura Nearly all the species are herma- 
phrodite, and the large ovary and testis are placed at the posterior 
end of the body There is no proper oviduct, the genital pro- 
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ducts merely breaking through to the exterior at the point 
marked gd m Fig. 30. The spermatozoa are generally matured 
and shed before the ova, and thus seli-fertilisation is prevented 
The ova are very small, and little is known of the develop- 
ment, 

ec 



Pig. 30 — Longitudinal optical section of Oikoplewa Pait of the tail is cut off 
Anus , at, atrial opening , hr s, branchial sac , cf, ciliated funnel , ec, ectoderm , 
end, endostyle , ep p, epipharyngeal ridge , g d, opening of gonads to exterioi , 
ht, heart , hyp, hypopharyngeal ndge , i, intestine , m, mouth , muscle- 

bands in tail , %, nerve-coid , nf, neive in tail , n eh, urochord , n g, nerve- 
ganglion , ng' , ganglion m tail ; oes, oesophagus , or gl, oral gland , ot, otocyst , 
ov, ovary , sg, stigmata , so, sense-organ , sp, testis , st, stomach , t, test (After 
Herdman.) 

Classification, — There are two Famihes of Larvacea: First, 
the Kowalevskiidae, includmg only the remarkable genus 
Koivale'oskicv, Fol, in which the heart and endostyle are absent, 
and the branchial sac is provided with four rows of ciliated tooth- 
hke processes. The two known species have been found in the 
Mediterranean and in the Atlantic. 

The second family Appekdiculabiidae comprises about eight 
genera, amongst which may be mentioned: — (1) 0%ko;pleuTa, 
Mertens, and (2) Ajp;pend%cular%a, Fol, in both of which the body 
is short (1 or 2 mm. in length) and compact (Fig. 30), and the 
tail relatively long, while the endostyle is straight. (3) Megalo- 
cercus, Chun, from deep water in the Mediterranean ; M. abyssormn 
is the largest Appendicularian known, havmg a total length of 
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3 cm — it IS of a blight red colour (4) Fnhllaria, Q and G, in 
which the body is elongated (Fig 32) and composed of anterior 
and posteiioi legions, the tail relatively short, the endostyle 

Fia 31 — Transverse 
section of bodj and 
tail of Oilojpleura 
Jiahellum (’) at^ 
Atrial tube , U 5, 
blood space , hi 
cavity of pharynx 
or branchial sac 
eCj ecto lerm en 
endodenn epp 
epiphai } ngeal cili 
ated bands , ffd 
gelatinous layer be 
tw een ectoderm and 
endoderm , hyp 
hvpopharyngeal 
ciliated band mus, 
muscular tissue on 
inner surface of 
ectoderm of tail , 
n neive cord 71, 
its continuation in 
the tail n ch note 
chord in tail r, 
rectum sy, one of 
the stigmata or cili 
ated openings from 
the bianchial sac to 
the atrial tube 

test ( = >oung “house ) ar, bridge of gelatinous tissue in front of stigma closing 
branchial sac off from atrial tube (Aftei Herdman ) 

recurved, the stigmata opening far in front of the anus, and an 
ectodermal hood is formed over the front of the body 
In all nearly forty species of Larvacea are known 
Occurrence — ^Although for the most part transparent, and 
usually almost invisible in sea-watei, some Appendicularians may 
have certain parts of the body (alimentary canal, endostyle, 
gonads, etc ) biilliantly pigmented (orange, violet, etc ), and may 
under exceptional circumstances be present in such profusion as 
to colour tracts of the sea Appendicularians are widely dis- 
tributed, having been found in all seas from the Arctic to the 
Antarctic, both round coasts and in the open ocean Although a 
few species ha've been found at considerable depths in the 
Mediterranean, still in the Atlantic they are not deep - water 
animals, and as a group must be regarded as surface-foims 
They are fairly abundant to a depth of 100 fathoms, and some 
few reach 1500 Species of Oilopleura and Fritillana are 
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freq^uent round the British coasts, our commonest species being 
probably 0, dioica, Fol, and F.furcata^ Moss. Young specimens 
appear in the plankton about February and March, and larger 
forms are as a rule found later in the summer. Several instances 
have been recorded of swarms of especially large forms, provided 



Fig. 32 — Diagram of FriWXarut, seen from the right side to show the elongated body, 
the hood, and the relative positions ot amis, atrial opening, and gonads (Compare 
with Oikoj^eura, Fig 30 ) «, Anus , at, opening of atrial tube , hr.s, branchial sac , 
eifid, endostyle , heart, m, mouth, n.di^ notochord, nerve-ganghon , oes, 
oesophagus ; oi?, ovary , sg, stigma , testi-s , $t, stomach 

With massive tests (the house having appeared suddenly on 
our coast in such abundance as to form an important element in 
the surface hfe of the sea 

Order IL Ascidiacea (Ascidians). 

Fixed or free-swimming Simple or Compound Ascidians, which 
in the adult are never provided with a locomotory appendage or 
tail, and have no trace of a notochord. The free-swimming 
forms are colonies, the Simple Ascidians being always sedentary 
and usually fixed. The test is permanent and well developed, 
and becomes organised by the immigration of cells from the body ; 
as a rule it increases in size with the age of the individual The 
branchial sac is large and well developed. Its walls are perforated 
by numerous slits (stigmata) opening into the peribranchial 
cavity, which communicates with the exterior by the single atrial 
aperture. Many of the Ascidiacea, both fixed and free, reproduce 
by gemmation to form colonies, and in most of them the sexually 
produced embryo develops into a tailed larva. 

The Ascidiacea includes three groups, the Simple Ascidians^ the 
Compound Ascidians, and the free-swimming colonial Fyrosoma, 
which in some respects connects this Order with the ThaUacea. 
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Sub-Order 1. Ascidiae Simplices. 

Fixed Ascidians, which are solitaiy, and very rarely re]a'o<Ui(‘e 
)y gemmation ; if, as in a few eases, small colonies are foruuHl, 
:he members are not buried in a common inyesting mass, Imt eaidi 
has a distinct test of its own. No strict line of deniarcaticni can 
be drawn between the Simple and Compound Ascidiaiis : and one 
of the families of the former group, the C'layelinidao (the “ vS<»eial 
Ascidians of Milne-Edwards), forms a transition from tlu‘ ty]>ical 
Simple forms which never reproduce by gemmation, to llu* (Com- 
pound forms which always do. Over 500 species of Ascidiae 
Simplices are now known, hut there are probably very many mon* 
stiU undescribed. The sub-order may he divided into the follow- 
ing families : — 

Fam. 1. Olavelinidae. — Simple Ascidians which reproduce 
by gemmation to form small colonievS (Fig. 3»^), in which each 
member, or ascidiozooid, has a distinct test, l)ut all ai’e connected 
by a common blood-system, and by a prolongation of the “ epicardiatt 
tubes” (see p. 83) from the 
branchial sac. Buds are formed 
on the stolons (Fig. 33), which 
are vascular outgrowths from 
the posterior end of the body, 
containing prolongations from 
the ectoderm, mesoderm, and 
endoderm (the epicardium) of 
the Ascidiozooid. Branchial sac 
not folded; internal longitudinal 
bars usually absent; stigmata 
straight ; tentacles simple. The Fig. 33.— Colony of (^hmUna hjHuii/uumH 
Olavelinidae are the simplest of 

the Ascidiae Simplices. They are the forms that come iu‘ari‘Kt 
to the (Compound Ascidians, and are closely reluteil to the 
Bistomatidae. They are probably the nearest representatives 
now existing of the ancestral forms from which both Simple ami 
Compound Ascidians are descended. 

This family contains amongst others the following 
%^Tx^m:~Ecteinascidia, Herdman, with internal longitudinal bars 
in the branchial sac; Glavelina, Savigny, with a long bodv ami 
intestine extending behind the branchial sac (Fig, 33)); and 
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Tero]}liom, Wiegniann, with a short compact body and intestine 
alongside the branchial sac Clave! inu lepad iforniis and Perophoni 
listeri are coininon British species found at a few fathoms depth 
off various parts of our coast Both occur round the south end 
of the Isle of Man. In autumn Clavelina accumulates reserve- 
material in the ectoderm cells of parts of the stolon, which remain 
when the rest of the colony dies away, and then form new buds 
in spring 

Fam. 2. Ascidiidae — Solitary fixed Ascidians, never forming 
colonies , with gelatinous or cartilaginous test , branchial aperture 
usually eight-lobed, atrial aperture usually six-lobed , branchial 
sac not folded , internal longitudinal bars usually present , stig- 
mata straight or curved , tentacles simple , gonads in or around 
the intestinal loop This family is divided into three sections • — 

Sub-Pam. 1 Hypobythiinae. — Branchial sac with no internal 
longitudinal bars, test strengthened with curious symmetrically 
placed nodules 

The one genus Hypdbythius, Moseley, contains two stalked 
deep-water forms found by the Challenger , '' II calyeodes (Fig 
34, A), from the North Pacific, 2900 fathoms, and H mosdeyi 
from the South Atlantic, 600 fathoms 



Fig 34 — A, JffijpohytJaus calyeodes, Moseley ; B, Chelyosoma macleayanum, Brod. and 
Sowb. , C, Corynascfidia suhmi, Henlman , I), Rhodosoma callenise. Lac -Dutli, 

Sub-Fam. 2. Ascidiinae. — Internal longitudinal bars present; 
stigmata straight. Many genera, of which the followmg are the 
more important: — G%ona, Fleming, dorsal languets present; 
Ascidia, Linnaeus (in part Phallusia, Savigny), dorsal lamina 
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)resent (Fig. 15, p. -±0) ; Shotlosoma, Ehrenherg. antorior part 
if test modified to form operculum (Fig. 34, D) ; 
lerdman, intestine on right side of hranchi.il sac. The t\pt' 
renus of this section, Ascidia, has been described in detail abo^e 
Wapter II. p. 39), and Figs. 15 to 2G illustrate its structure 
md life-history. There are many species. Cionti hitfsh'itn/inAjhm. 
'Fig. 40, B), is one of the commonest of British Ascidiaiis. and 
lives readily in aquaria. 

Sub-Fam. 3. Ooreliinae. — Stigmata curved and formimr 
spirals (Fig. 35). Three genera; — Corclla, Alder and Haneoch. 
test gelatinous, body sessile; Gorynascidiu, Hcrdman, lest 



Fig. 35.— a, brancliial sac of Oorynascidta siihml, Herihnan ; B, br.inchial sju* oi 
Cmlla 'japomca^ Herdman. Iiiterual lougitudmal bars ; t)\ tiausvcrsi* \t*sst*K. 
(After Herdman.) 


gelatinous, body pedunculated (Fig. 34, C), a remurkablti deep- 
sea form with very delicate spirally-coiled vessels in the branchial 
sac (Fig. 35, A), found in the Pacific (21C0 fuths.) and the 
Southern Ocean; Chdyosoma, BrocL and Sowb., njiper part of 
test modified into horny plates (Fig. 34, B). 

Oorella contains several British sp)ccies, one of which, (\ 
parcdldogramma, 0. F. Mull., is one of the commonest ami most 
handsome Ascidians in our coralline zone (about 20 faths.;. 
l^ugh its clear crystalline test the lemon-yellow and eannine 
pigmentation of the mantle, and even (with a lens) the working of 
the cilia along the spiral stigmata of the branchial sac (eomjiarc 
Fig. 35, B), can readily be seen. The beating of the heart can 
be seen just in fixmt of the viscera upon tlie rlyhi side of the 
branchial sac (compare with Ascidia, Pig. 23). 

In the family Ascidiidae the eggs are minute and contain 
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little or no food-yolk, and the tailed lar\ae (Figs 26, 42, A) are 
of the typical form and structure described in Chapter II 

Fam 3 Oynthiidae — Solitary fixed Ascidians (Fig 39) 
sometimes occurring in aggiegations, but never forming colonies , 
usually with leathery or fibrous, opaque test, which is sometimes 
encrusted with sand , branchial and atrial apertures usually both 
four-lobed Branchial sac longitudinally folded (Fig 36, A), 
stigmata straight, tentacles simple or compound (Fig 37), 




Fig 36 — DiT.grammatic ti ansverbe sections of brancTiial sacs of Cynthiiclae A, Cynthun,, 
B Styela C, Styelopbis D, Pelonam Brf 1-7, First to se\eiith. brancliial fold, 
d I, dorsal lamma , tnd^ endostyle , meslies 


neural gland doisal to ganghon , gonads attached to body-walL 
This family is divided into three sections — 

Sub-Fam 1 Styelinae — FTot more than four folds (Fig 36, 
B) on each side of branchial sac, tentacles simple (Fig 37, A) 
The more unportant genera are — Styela, Macleay, and Polyearjpa, 
Heller (Fig 39), with stigmata normal, and Bathyoncus, Herd- 
man, with stigmata absent or modified There are a very large 
number of species of both Styela and Polyoarpa from all parts of 
the world, including our own seas A very abundant British 
littoral form has been placed in an alhed genus under the name 
Styelopsis grossularia (Fig 39, A) It is known in some places 
round our coasts as the red-currant squirter ” This species has 
only one well-marked fold in the branchial sac (Fig 36, 0) 
Another exceptional British Styehd is Pelonam corrugata, Forb. 
and Goods (Fig 39, I), with no branchial folds (Fig 36, D) 
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Sub-Fam. 2. Cynthiinae. — More than eight folds iu 1 muiohiiil 
jac (Fig. 36, A); tentacles compound (Fig. 37, B) ; body se.ssilo 
)r with a short stalk (Fig. 

39, F). The chief genus 
is Cynthia, Savigny, with 
a large number of species, 
some of which are British. 

Shdbdocynthia has echin- 
ated calcareous spicules in 
the mantle (see Fig. 5 0, U, 
p. 87). 

Forhesellcb tessellata is a 
remarkable British species, having the test marked out mU> 

(Fig. 39, B). It is intermediate in some characters between 
Styelinae and Cynthiinae. 

Sub-Fam. 3. Bolteninae. — More than eight folds in branehiul 
sac; tentacles compound; body pedunculated (Fig. JhS, A\ The 
chief genera are — BoUenia, Savigny, with the branchial ai)erlurt* 




Fig. 37. — Teiitieles of Cyntliiulat*. A, Sniiiat*. 
Styelmae ; B, Compound, in <*} ntlnmm*. 



Fig. ZZ.'—CuUolm vyyville-thomsonU Hordmaii. A, from left Ride (Imlf-nat. Ri7t*) ; B. 
part of branchial sac. At, Atrial aperture ; Jir, branchial aperture ; branchial 
fold; internal bar ; spicules; tr, transverse vessel. (After in^rdimui.) 


foiff-lobed, and the stigmata normal; and Ouleoltm, irerdnmn 
(Fig. 38), mth branchial aperture having leas than four lol«?.a, 
and the stigmata absent or modified (Fig. 38, B), the bruiichiitl 
sac showing a wide mesh-work of vessels stiffened by branched 
calcareous ^icules. Ctdeolus is a deep-sea genus discovered by the 
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''Challenger’* expedition; eight or nine species are now known 
from various parts of the world, ranging m depth from 630 to 
2425 fathoms. Most of the species are from the Pacific; only 
one from the North Atlantic. The curiously curved type of 
spicule found in the branchial sac and other organs is shown at 
Fig. 50, 0 (p. 87) 

Amoncrst the Gvnthudae are found most varied conditions of 
the reproductive organs The gonads are sometimes on both, some- 
times on only one side of the body, sometimes in one or several 



Pig. 39 — Various Cynthinlae A, two forms of Stydopsis grossulana, Van Ben. , B.. 
Foihpsella tesseUata, Forb. ; 0, Polycarjpa awata, Q. and G ; D, Siytla clam^ 
Herdman; E, Polycarpa tint tor, Q, and G ; F, Cynthia for mosa, Herdman , G, 
Polycirpa coimta, Alder , H, Polycarpa pedata^ Herdman ; I, Pdonam conugata^ 
Forb. and Goods. (After Herdman.) 

branched masses, and sometimes distributed as a large number 
of minute " polycarps ” over the inner surface of the mantle. 

The family Cynthiidae is the largest section of the Simple 
Ascidians. The species range from the size of a pea to that of a 
large cocoa-nut. They are for the most part opaque, and often 
richly coloured — ^reds, yellows and rich browns predominating — 
and so look very different to the grey gelatinous Ascidiidae, and to 
the saiid-encrusted Molgulidae. They extend from between tide- 
marks {Styelopsis grossularia), down to the abysses (Styela hythia 
and S, sguamosa at 2600 fathoms). Some genera {Styela and the 
closely related Derhdrodoa), extend far into Arctic seas, but many 
allied forms {Styela and Polycarpa) are also found in the tropics. 


Ill ASCIDIA.E SIMPLICES — MOLGLLID^L 77 

Fam 4 Molguhdae — Solitary sessile Ascidians, soiuetmies 
not fixed , branchial apeituie si\ lohed, atrial four-lobed lest 
usually encrusted with sand, which is generalh attached to 
















Fig 40 — Three simple Ascidians with la&cular adhering processes from the test (nat 
size) A, Ascidiella aspersa, 0 1 Muller, B, Ciona xntestinahs Lma , C 
Molgtda oculata Forb 

blanched hair-hke pioeesses from the test (Fig 40, C) Branchial 
sac longitudinally tolded, stigmata more or less cur\ed usudllj 
airanged in spirals (Fig 41), tentacles compound The chief 
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Fig 41 Branchial sacs of Molgulidae showing curved stigmata A, Ate pent giganien^ 

Herdman, B, Volgula pyrifmiiis Heidmau, C, UrgueUnenm^ Herd 

man 

genera axe—Molgvla, Forbes (Fig 40, C), with distinct folds in 
the branchial sac (Fig 41, B), and JEugyra, Aid. and Hanc , 
with no distinct folds, but merely broad internal longitudinal 
bars m lihe branchial sac (Fig 41, C) In some of the Molgulidae 
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(genus ^WZ«,Laca.e-DuthK>T«\tlu. .nil-iN.. <1. -.nt 
inverted into a tailed Ian a, tlu- ni i.. m, dn.vi 

mthout metamorphosis (see Fm -i‘J Hu .'iihn-. when 

hatched gradually assumes the adult stnulure uu! i- \ . i .hnw> 
the features characteristic of lanal A'titU m “Ui h .i> Uu* 
urochord and the median aeusi' - «uan- Fi. I-’ -hnw- an 

Ascidiid (A), a Cynthiid (B), and ilus eveptn.n d \hd -did f 
type of larva, and three forms of (.'onipmnid Am idi in 1 ii \ a.> th, 
Distomatid (D), the Botrjdlid (E), and the llii.luM.n.atid 1 . 



Fig. 42— Larvae of various Asoidians. A, Asndia mmiuht, Lmn. ; B, 
flrZowteroto, Alder , C, Anunlla roswiiUi, Liu-Duth. ; D. lhsUtjf\iv» 

Della Yalle, E, Polycydus renieri^ Lftmk.j F, Ihpluhmmmlt t iiiatd. 

(Mostly after Laliille ) 


In the Molgulidae the viscera arc characttTirttic in jw nit inn 
and appearance. The alimentary canal lias on th<‘ l<*tt huli* of 
the branchial sac, and the intestine forms a lonj^ lairntw hH»p 
directed m the mam transversely. The iK'ricardium and hoart 
are on the middle of the right side, and hehiml thorn in pliussl 
the single sac-hke ductless renal organ, generally (XHUipiod hy 
one or more concretions. The gonads aro in most (*aH(NS on h<»th 
sides of the body, in front of the intestine <ui the hd't, and in 
front of the heart on the right , but in Eugj/ra there ih no gonad 
on the right side, and in some other forms the gonad on the left 
side IS absent. (For Ol%gofrermy see p. Ill, note.) 

There are a number of British Molgulidae, the two coimuonest 
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lower lobe of the caudal. The fin-rays which support the 
ventral portion of the caudal fin are more numerous and longer 
than those in relation with the dorsal lobe, and hence at this 
stage the tail is really heterocercal. 



Fia. 281. — Larva of Polyytems senegaZus, x 4. Showing its charactenstio attitude 
when resting on the bottom of an aquarium, and the large size of the cutaneous 
gills. (From Budgett.) 


In the genus Ccdamichthys the body is greatly elongate and 
Eel-like in shape. Pelvic fins are absent, and normally there is 
no suboperculum. The dorsal finlets are more isolated than in 
Polyjpterus, and each spine supports but a single soft ray. Only 
a single species is known, C, calalaricus^ (Fig. 282 ). 



Fig. 282 . — Qalamichthys calabaricus. x (From a specimen in the Oambndge 
Umversity Museum.) 


CalamichtJiys has a more restricted distribution than Poly- 
jpteruSj and is confined to certain rivers of West Africa. First 
obtained at Creek Town on the Old Calabar river, it is now 
known to occur in the delta of the Mger, on the coast of 
Cameroon, and as far south as the river Ohiloango, frequenting 
the smaller muddy rivers opening into the estuaries.^ It is a 


^ Traquair, Journ. GeoL Soc, Irelaind (2), 1871, p. 249. 

^ Boulenger, Lcs Poissons du Bdssin du Congo, Bruxelles, 1901, p. 27. 
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of which are — ^Mgida oc?//a/r/, l\)rhes,thit'kIyeovertMl\vith <^Y<i\A 
or broken bhells, and loruiing an ovate una>s as lar^e a> a walnut ; 
and JEitgyixt glatinaits, ]\Ioller, a similiter ulobular ]>ody tia* 
size of an acorn, and covered with line sand, except at oru* <'ir<uiLir 
area near the posterior end, where the leriden ^rcy te>t 
through. Both these speeie.s are obtained ]>y dreduinu in from 
10 to oO fathoms, and lie freely on the botnaii. A rather rarer 
littoral species JSoIgifla eltrina^ Hancock, found on some jiarts oi 
our coast (e.g, in the Firth of Forth, at Arran, and at l*ort Erin . 
is exceptional in having ‘the test free from sand, an«l in l^inu 
fixed Hke an Ascidia, generally to the lower surfaces (d* large 
stones near low tide. 

Specific Characters and Dorsal Tubercle. — The chief ijoint'- 
in which the various genera and species of Simi)le Ascidians 
differ are the details of the branchial sue fsee Figs. 2U, Jbl, tlti 
38, and 41), the condition of the tentacles (Fig. 37^, tlu* dorwil 
lamina or languets, and the dorsal tubercle, in addition to form, 
colour, and other external features. 



Fig, 43. — Various forms of dorsal tubercle iu Simple Aaddiau&. 1. 

2. Fnrbesella tessellata ; 3. Ascidia weridiomlU ; 4. CjpUitia /irmonff ; Cj/nihitt 
jhqnetemis; 6. Aiiddia chaHemjeri ; 7. Polpearjxt tinctor ; 8. tynthia mfhri- 
fnnnis; 9. Asenjpera giganten ; 10, Bdtenia inberntlafa ; 11. Amdia tnuthhfnch , 
*12. CideoluB mosdeyi ; IZ. Ascidia pyr^fomis , Bdtenia }iafhydmhatiti(t 
Microcosmics drasekii ; 16 . Bfi/ela ethfridgU; 17. Bfyda whitdegfjii; 18. 
carpa cnirata. (After Hmiman.) 

Fig. 43 shows some of the more remarkable forms of ilorsul 
tubercle. Starting with a simple circular opening (1) surroimde<l 
by a thickened ciliated ring, the anterior border l)ecomea pushed 
in to form a crescentic slit (2 and 3). The horns of the crescent 
then grow longer and may turned in (4 and 5) or out (6 and 
7), and so give rise to the many varieties of horse-shoe (such as 
6), perhaps the commonest form of dorsal tubercle in Simple 
Ascidiana In many Cjmthiidae the central part of the horse- 
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shoe remains small, while the horns become long and much coiled 
so as to constitute two prominent spirals (8, 9, 10). In other 
exceptional forms again the curved slit becomes straightened out 
undulating (11), irregularl 7 bent (12 and 13), elaborately folded 
(14 and 15), or broken up into pieces (16), so that there come 
to be several or even a large number (17 and 18) of minute 
openings in place of the original single aperture. 

It cannot be said that any form of dorsal tubercle is charac- 
teristic of any of the families or genera of Ascidians, and in the 
case of some species the organ is liable to great individual 
variation ; but still in most species there is found to be a char- 
acteristic shape or appearance of tubercle which is a usefd 
diagnostic feature. 


Sub-Order 2. Ascidiae Compositae. 

Fixed Ascidians which reproduce by gemmation so as to form 
colonies (Fig. 44) in which the ascidiozooids are buried in a 



Fig. 44. — Colonies of Compound Ascidians (iiat. size). A, Colella quoi/i, Hrdn. 
Antaret. ; B, Leptocliimm neffleckm, Hrdn. ; C, Pharyngodictyon vit/abile, Hrdn, 
Southern Ocean ; I), Botryllus scJdosseri, Sav. Europe. (After Herdman.) 

common investing mass (Fig. 45) and have no separate tests— 
hence ‘"Synascidiae,” a name they often receive from foreign writers 
This is probably a somewhat artificial assemblage formed o 
those two or three groups of Ascidians which produce colonies 
in which the ascidiozooids are so intimately united that thej 
possess a common test or investing mass. This is the only char 
acter which distinguishes them from the Clavelinidae, hu 
the property of reproducing by gemmation separates them froii 
the rest of the Ascidiae Simplices. In some cases the atria 
apertures of several neighbouring ascidiozooids join to open t 
the exterior by a common cloacal aperture (Fig. 45, c.c). Sue 
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groups of the ascidiozooids of a colony are known as " systems ” 
or coenobia (see Tig. 44, D ; also Fig. 53, p. 89). 

The Ascidiae Compositae may be divided into seven famihes, 
which seem to fall into two well-marked sets : — (1) Meeosomata, 
in which the heart and alimentary and reproductive viscera are 
placed behind the branchial sac, so as to constitute a more or 
less extended body divided mto at least two regions (Fig. 46, B), 
and sometimes three (Fig 46, C) — thorax, abdomen, and post- 



Fig. 45 — Vertical section tlirougli a small part of a compound Ascidian colony. Asc 1 
and Asc. 2, Parts of two ascidiozooids whose oloacas (cl) open mto the common 
cloacal cavity (cc) of the colony; at.l, atrial lobes , I, It common test of the 
colony The structure of the posterior parts of the ascidiozooids would depend upon 
the family (see Fig. 46). The arrows show the direction of the water currents. 


abdomen ; and (2) Holosomata, in which the body of the 
ascidiozooid is short, compact, and not divided into regions (Fig. 
46, A). The latter group comprises the two families Botryllidae 
and Polystyelidae, which agree both in points of structure and in 
having the same type of budding, and are probably derived from 
ancestral Cynthiidae amongst Simple Ascidians ; while the Mero- 
somata seem more nearly related to the Clavelinidae. 

Gemmation takes place in the Compound Ascidians in a 
variety of ways, being sometimes very different in its details in 
closely aUied forms. There are, however, two main types of 
budding, to one or other of which most of the described methods 
may be referred. These are : — 

1. The Stolonial, or epicardiac ” type — seen in the Mere- 
somata, typically in Distomatidae and Polyclinidae, and compar- 
able with the gemmation in Clavelinidae, Pyrosomatidae, and 
Thaliacea outside this group. 
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2 The Paeietal, or “ peiibiandnal ’ l>pe--^eul lu tin HdIo- 
somata, tjpically in. the Botrjllidae 

The remarkable piocees of geimiutiou sun m tin linuheb 
Didemnidae and Diplosomatidae, whine the l)udaiiM s tunii it k ist 
two rudiments, the one stolonral or 'eiucudiit m urij,in, and the 



46 —A, Ascidiozooid from a Bot 
ryllid colony , B ascidiozooid from 
a Distomid colony , C ascidiozooid 
from a Polyclinid colony os, 

Anus , cti, atnal aperture , at I, 
atrial langnet , hr, 'branclnal aper 
ture , c2, cloaca , d I, dorsal langnet , ectodeim ; 
md, endostyle, ej? e, epicardiac tube , gl, intestinal 
gland , h, beait , intestine , ng, nerve ganglion , 
oas, oesophagus , ov, ovary , ^ c, pencardinm , r, 
rectum , sg, stigmata of branchial sac , sp, spermatic sacs 
sphincter, st, stomach, t, tentacle, tk, teimmal 
ampullae of vessels in test , % colonial vejssels , 

“ vascular appendage ” (stolon) * 


other formed by one or more oesophageal or mtestmal outgrowths, 
has been called entero-epicardiac,” but it may probalily be re- 
garded as a modification of the stolonial type 

The marked differences in the appearance of the colonies of 
Compound Ascidians is largely due to the methods of budding , 
and even in those of the stolonial type, where the budding is 
practically the same in essential nature, the results may be veiy 
different in superficial appearance, according as the buds are 
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foimecl on a short stolon dose to thf pa^nt IkhU oi tiom the 
extiemit} of the ijost-abdomtn ("as in the Pohdmido n troni 
a lonj:»: epicardiac tube (as in Unhlla, 47 whidi iiiaj tvtuid 
foi some indies from the aseidio/ooid The ]H»st-ib(Iomm <»1 the 
Pol}chnidae maj he le^Mided-Hs a stolon in\ ided b\ tin jontds 
and the heart (see Fiq 4b tj and tia\tr^ed Ia tlic tpicir<lium 
in the foim ot a flattened tube dnidiim a dorsd 1 lotMl-MniH con- 
taining the gonads from a \entral sums whidi his nauh the one 
extremity ot the tapering peiicardium Tlie \;vhoh ot thi-^ 
abdomen segments to foim the buds, the heirt at tlit ext remit j 
being absoibed, and a new one foimed from the anteiioi end of 
the pericardium 

The epical dium, which supplies the endodermal dement to 
each bud, was fust desciibed bj E van Beneden and eluhn in the 
development of Cla%elina} as a stiucture concerned m the furiua- 
tion of the pexicardimn and heart — hence it-^ unfoituiiate name 
It grows backwards m the larva, from the i>osteiioi wall of the 
branchial sac, close to the endostyle, as a tube which usii.dh 
divides into two lateral branches to be united again eventually 
so as to form the single tubular flattened partition ot the stolon 
in rcljelimdae, Distomatidae, Clavelinidae, etc In some Com- 
pound Ascidians the epicardium is, from its origin, twc» distinct 
lateral tubes, which grow back from the inner vesicle of the 
embryo (later the branchial sac) These unite m the j^ost- 
abdomen to form the flattened tube, which in its turn fonas the 
inner vesicle of the future buds, and so tlie endodermal element 
is handed on from generation to generation In addition to the 
epicardium, the stolon contams also a prolongation of the ovary 
of the parent, or at least a string of migrating germ cells, so 
that the reproductive elements are also handed on 

It IS clear from the recent xesearches of Hjort, Hitter, Lefevre,® 
and others, that the development of the bud (blastozooid) and 
that of the embryo (oozooid) do not jiroceed along parallel lines 
It is evidently impossible to harmonise the facts of gemmation 
with the germ-layer theory , and attempts to explain Imddmg in 
Ascidians solely as a process of regeneration by which the organs 
of the parent or their germ-layers give nse to the corresponding 
organs in the bud have in many cases felled. 

^ Ar(^ (U Bwlog%e, vi 1887 
- See qf Morphology^ xii viv 1896 1898 
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The rudiment of the bud is in typical cases composed of two 
vesicles, an outer deiived fiom the ectodeim of the parent and 
enclosing fiee blood-cells (mesodeimal) between its wall and that 
of the innei vesicle — which is usually of endodeimal oiigm, hut 
in Botiyllidae is derived fiom the peribianchial sac, an ecto 
dermal stiuctuie The inner vesicle, deiived in the two cases 
from different geim-layers, forms the same organs of the bud 
and these oigans may be of widely different oiigin in the 
laiva Moreover, free cells of the blood may play in the bud a 
veiy impoitant pait, and give use {Feropliora) to such important 
systems as peiicaidium and heait, neural tube and ganghon, the 
gonads and their ducts some of which are of ectodermal and 
otheis of endodeimal oiigin in the larva 

In some cases of piecocious budding (blastogenetic accelera 
tion) the young buds begin to appear during the tailed larval 
stage The lai’va may even contain a hist blastozooid (bud) 
with a bianchial sac as large as that of the oozooid (derived from 
the egg) 5 and in the Diplosomatidae the larva (see Fig 42, F), 
when it settles down, may be already a small colony oi three 
young ascidiozooids 

The lar\ ae in most Compound Ascidians, in place of adhering 
papillae, have several or even a considerable number of ecto 
dermal tubes or prolongations from the body (see Fig 42, E and 
F) into the surrounding test These apparently aid in the 
formation of the common test of the young colony, which grows 
over and adheres to foieign objects 

There are many irregularities in the larval development of 
Compound Ascidians, due to the very different amount of food-yolk 
present in the ova in different genera In some cases there is even 
dimorphism, two forms of larvae bemg found in the same colony 

Compound Ascidians are amongst the most varied and 
biilliant of sessile animals seen at low tide on our own and most 
other coasts Some are stalked and form club-shaped or knob- 
like outgrowths Others again form flat gelatinous expansions 
attached to sea-weeds or stones, and are symmetrically marked 
with bright spots of colour m the form of circles, meandering 
lines, or star-like patterns In such colonies each spot of colour 
or lay of a star represents an ascidiozooid or member of the 
colony, equivalent to the whole animal in the case of the sohtaiy 
Simple Ascidian 
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Group A. MEB080MATA. 

Viscera posterior to branchial sac ; bndding stoloiiial. 

Fam. 1- Distomatidae. — Ascidiozooids divid(>d into Iavo 
regions, a thorax, containing the branchial sac, and an abdoini'ii, 
with the remaining viscera (Fig. 47, 15); testes lunaerous ; \as 
deferens not spirally coiled. The chief genera are — 

Gaertner, with some British species; G/io??ffre.s/«r/i//s, Alaedouald, 
Cystodytes,y. Drasche, with calcareous platc-like spienh's in the lesti 

Fit;. 17.--A, 

of tlinii'tf- 

lata, uiitl (i., n.it. 
si/e: a, /oiu* of butl.s; 
hf zrtiit‘ of youn^ 
ast.*i(lio/o(*nK ; /*, 

zone ot nitrtitltic'- 
iiiLf aduKb ; oM 
utlultsnntl 
im‘ul>ator> poinlit's 
with l.iniu*. B, 
Ahfidiozotntl, with 
inouhattirj |«*ut‘h 
oniargotl : At, at rial 
aitertuH* ; lU, iirmi* 
chialaju*rlun* ; tailK 
tnnhryoH ; i tal, on- 
tlostyle ; 

cartlimu ; ///<*./», 

lucuhator.N jtoiu h ; 
od, ovnliu’t ; 
its {otdon^Mtion 
into im\p : its 

tonnination at ti}> 
of inc.p : or, tivary ; 
;p.h\ peribranchial opening of Htonuu h. 

(Kg, 50, A); Della Valle, and Herdinan, forniin^^ 

a pedunculated colony (Fig. 47, A), in which the uscidiozooids ( Fig. 
47, B) are provided with large incubatory poucho«, o])cniug from 
the peribranchial cavity, but also connected, as BaiK*roft ^ lian rt*- 
cently shown, with the end of the oviduct (see Fig* 47, !»)• Tn 
these pouches the embryos undergo their development, and are 
set free by the decay of the top of the colony. The stolons puss 
from the ascidiozooids in the upper part of the colony down into 
the stalk, and there produce buds which gradually work up to 
the top of the stalk, where they take their places us young ascidio- 
zooids. At the top of the colony the old ascidiozooids die 
and are removed (see Fig. 47, A). Caullery has shown that in 

^ Bull. Mus. Covip, Zool. XXXV. No, 4, 1899, p, 59, 




86 


ASCIDIANS 


CHAP 


this genus there may he dimoiphism m the buds, some of them 

placed deeplj in the stalk 
having a large amount of 
reserve food-matter in then 
ectoderm, and remaining 
dormant until reqmred to 
regenerate the head ' oi 
uppei part of the colony 
when It IS lost This genus 
was made known by the 
Challenger ” expedition 
The species are mostly tiop 
ical, or from southern seas 
Fam 2 Ooeloconmdae 
-Colony not fixed, havmg 
a large axial cavity mth 
a terminal aperture Bran- 
chial apertures five-lobed 
This includes one species, Coelocorrms liuxleyi, Herdman, which is 
in some respects a transition-form between the ordinary Com 
pound Ascidians (cy Distomatidae) and the Ascidiae Luciae 
{Fyiosoma, see p 90) 



pc 


Fig 48 — Transverse section of tlie ahilomen of t. 
Distomid ll s, Blood sinns , ec, ectoderm , 
ep c epicardinm gl intestinal glands , A, heart , 
t intestine I m longitudinal muscles , me% 
mesoderm , o d, oviduct p c, pericardium , st, 
stomach , 'o vas deferens (After Seeliger ) 


br 



Fig 49 —Section of Leptodmum colony, showing the distribution of spicules and part 
of the ascidiozooids Base of colony , 6r, branchial aperture , hr branchial sac 
spy spicules , st^ stomach , testis , v d vas deferens 


Pam. 3 Didemnidae. — Colony usually thin and incrustn^ 
Test containing stellate calcareous spicules (Figs 49 and 50, B] 



m ASCIDIAE COMPOSITAE — DIDEMNIDAE, ETC. o/ 

Testis Single, large, vas deferens spirally coiled (Fig 49). 
The fFipf genera are — D'ldemnum, Savigny, in -nlnch the colony 
IS thick and fleshy, and there are only three roM^b ot stigmata on 
each side of the branchial sac , and Le;ptochnum, Milne-Edi\ards 
in which the colony is thin and incrusting (Fig 49), and there 





Fig 50. — Calcareous spicules of tlie Tuuicata, enlarged. A, From Cy^todytes , B, from 
Le^todinum, C, from Cideohis , D, from Rhahdocynthia. 


are four rows of stigmata. Colonies of Lejotochnmn, forming 
thin white, grey, or yellow crusts under stones at low water, are 
amongst the commonest of British Compound Ascidians. 

Fam. 4. Diplosomatidae. — Test reduced m amount (Big. Cl) 
rarely containing spicules. Yas deferens not spirally coiled. In 


c cl 



Pig 51 — Section of a colony of Dyplosoma (enlarged) to show the small amount of test 
present, hr. Branchial aperture , c cl, common cloaca , t, test. 


Diplosoma, Macdonald, and other allied genera (Big 51), the 
larva is gemmiparous (Big 42, B). Some species are common 
British forms, especially on .^os^em-beds and amongst seaweeds 
Pam. 6. Polyclinidae. — Ascidiozooids divided into three 
regions — thorax, abdomen, and post-abdomen (Big. 46, C) 
Testes numerous, vas deferens not spirally coiled. The chiel 
genera are — Pharyngod%ctyon, Herdman, with stigmata absent or 
modified, containing one species, Ph, mirabde (Big. 44, C), the 
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only Compound Ascidian known from a depth of 1000 fathoms; 
PolycUnurrij Savigny, with a smooth-walled stomach (Fig. 52, 
A); AjpUdiuin, Savigny, with the stomach-wall longitudinally 
folded (Fig. 52, B); Morcliellium, Giard, with an ‘"areolated” 
stomach (Fig. 52, B), bearing knobs on the outside ; and Amarou- 
cium, Milne-Edwards, in which the ascidiozooid has a long post- 
abdomen and a large atrial languet, and where the stomach-wall 
shows longitudinal ridges breaking up into knobs (pseudo- 



A B C 


Pig. 52. — Various conditions of stomacli in Polyclimdae. A, Polydinum molle^ Herd- 

man ; B, AplidUm zostmcola, G-iard ; C, Armromium proliftrvm^ M.-Edw. ; 

D, Monihdlium M.-Edw. 

areolated, Fig. 52, C). The last four genera contain many common 
British species. 

Many of the Compound Ascidians die down in winter ; but 
amongst Polyclinidae, as in Glamlina, a form of hibernation is 
found, the old ascidiozooids dying, but some of the buds in 
the basal part of the colony accumulating a large store of reserve- 
material in their ectoderm, and lying dormant until spring, when 
they regenerate the colony. 

Group B. HOLOSOMATA. 

Body short, compact, with viscera by the side of branchial sac ; 
budding parietal 

Pam. 6. Botryllidae. — Ascidiozooids grouped in systems 
round common cloacal apertures (Fig. 53). Ascidiozooids having 
the intestine and reproductive organs by the side of the branchial 
sac (Fig. 46, A, p. 82). Dorsal lamina and internal longitudinal 
bars present in the branchial sac. Neural gland, as in Cyn- 
thiidae, dorsal to the ganglion in place of ventral as in the 
majority of Tunicata. The chief genera are — Botryllus, Gaertn. 
and PalL, with simple stellate systems (Fig. 53), and Botrylloides, 
Milne-Edwards, with elongated or ramified systems. There are 
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many species of both these genera, which form bnlliantlv coloured 
fleshy crusts under stones and on sea-weeds at low tide. Tliev 
are amongst the commonest and the most beautiful of Bntidi 
Ascidians. Both genera contain species remarkable for the rich 
profusion of ectodermal "vessels” which ramify and anastomose 
in the colonial test. On the margins of the colony these vessels 
end in knob-hke dilatations, the ampullae (Fig. 46, A, tlj, which 
are said by Bancroft to pulsate rhythmically, and so aid in keep- 


at 



Fig. 53 — Two “systems” from a Fig. 64 — (Joodsvna j^lacenta^ Herdman. 
colony of Botryllus vwlaceus, A, Colony (half nat. Bizel ; B, section 

M -Edw d. Common cloaca of a of colony showing aseidiozooids. (After 

system ; or, branchial apertures of Herdman, from OhaUefnger Reports,) 
ascidiozooids, magnified, {After H. 

Milne-Edwards.) 


ing up the colonial circulation. They are also storage reservoirs 
for the blood, doubtless help in respiration, and are organs for 
the secretion of the test-matrix. 

Fam. 7. Polystyelidae. — Ascidiozooids not grouped in 
systems ; branchial and atrial apertures four-lobed ; branchial sac 
may be folded; internal longitudinal bars present. The chief 
genera are — Tliylacium, Cams, with the ascidiozooids projecting 
above the general surface of the colony ; Goodsina, Cunningham, 
with the ascidiozooids completely imbedded in the investing mass 
(Fig. 54); and Ghorizocormus, Herdman, with the ascidiozooids 
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united in little groups which are connected by stolons. The last 
genus contains one species, Gh, reticulatuSj in some respects a 
transition-form between the other Polystyelidae and the Styelinae 
amongst Simple Ascidians. 

Budding in Holosomata — In the Polystyelidae, according to 
Bitter,^ the budding is of the same type as in Botryllidae, the 
bud arising in each case from the lateral body-wall of the parent. 

In BotnjUus ^ the oozooid formed from the larva gives rise at 
a very early period to the first blastozooid of the future colony. 
This then forms the two buds of the second generation on its 
sides (see Pig. 55), and these in their turn form the third, and 
these the fourth generation, in which there are thus eight blasto- 
zooids ; and so the process goes on, the buds of each generation 

arranging themselves in a circle to form 
a system. As each new generation 
makes its appearance, the preceding one 
undergoes degeneration, and is eventu- 
ally absorbed. Consequently, in a system 
there can usually be seen, in addition 
to the adult members, certain older 
ones in various stages of degeneration 
and removal, and certain younger ones 
arising as buds on the sides of their pre- 
decessors,' or just separated from them, 
and ready to take their places as young 
ascidiozooids in the system. Three dis- 
tinct generations are thus commonly 
seen in a system. Now and again one or two young ascidio- 
zooids become squeezed by the pressure of their neighbours out 
of a system into the surrounding test, and so give rise to new 
systems which add to the extent of the colony. 

Sub-Order 3. Ascidiae Luciae. 

Free-swimming pelagic colonies having the form of a hoUow 
cylinder closed at one end (Fig. 56). The ascidiozooids forming 
the colony are imbedded in the common test in such a manner 
that the branchial apertures open on the outer surface and the 

^ Jotmi. Morph, xii. 1896, p. 149. 

® See Pizon, Ann, des Sci. Mat. 7® s4r. Zool. xiv. 1892. 



Fig. 55. — ^Diagram to illastrate 
the ’buddiiig and formation 
of a system in Botryllits. 
Ooz, oozooid ; Bl 1, first 
blastozooid ; 2, 2, etc., suc- 
cessive generations of buds. 
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very agile Fish, swimming like a snake, and subsisting on 
insects and crustaceans. The anal fin is enlarged in the male, 
and the young are provided with cutaneous gills. Qalamichthys 
may attain a length of nearly 40 cm. 

Ill the remaming Teleostomi (Actinopterygii) the paired fins 
are invariably non-lobate, with abbreviate, multibasal endoskeletal 
supports. Fin-rays are the main support of both the median 
and paired fins. Jugular plates are usually replaced by branohio- 
stegal rays, but both may co-exist. The Actinopterygn are the 
successors of the Crossopterygii in palaeontological sequence, 
and when the latter began to decline in Carboniferous and 
Permian times, the former, mainly represented by the earlier 
Ohondrostei, had already become the dominant Fishes of the 
period. 


Order 11. Ohondrostei (Acipenseroidei). 

In these Fishes, the oldest and the most primitive of the 
Actinopterygii, the fin-rays of the median fins still continue to 
retain their primitive numerical superiority over the radials, and 
the tail is heterocercal There is a single dorsal and an anal 
fin, which, like the upper lobe of the caudal fin, are generally 
provided with fulcra. Pelvic fins abdominaL Squamation 
typically rhombic and ganoid. Vertebral column acentrous. 
So far as is known the chondrocranium is but httle ossified, 
and the cranial bones are mainly dermal. The secondary pectoral 
girdle still includes a pair of infra-clavicles. 

The Ohondrostei are first represented in the Lower Devonian 
by the solitary Palaeoniscid genus Cheirolepis, a contemporary of 
the earliest Crossopterygii. They occur throughout the Mesozoic 
period, except in the Cretaceous, and also in the Eocene, and 
while steadily diminishing in number and variety they gradually 
approximate to their degenerate and in some respects highly 
specialised descendants, the Sturgeons and Paddle-Fishes of the 
existing Fish fauna. Of the seven families included in the 
group the Palaeoniscidae are the oldest and the most generalised. 
The Platysomidae are a specialised offshoot from the Palaeoniscidae, 
and, if they are rightly to be considered as Ohondrostei, perhaps 
the same may be said of the problematic Belonorhynchidae. On 
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atrial a])ertnrer^ on th<* iniifT Miriatv m j :i i , , i 

tlie ooluriv. Ttipy are ]»la{*Hl with tliHir -’nt i. » . * ,,v ; ; 

the elciM^d end ' 50, C^. The hr-t mj » 1 ^ 

are ])rodiieed by freui a v.iileni* |»r j* 

iiii]wa’teet oozunid or rudimentary lar\a the t\t:Lo/io:o 
develo]>ed f^exually. The sul»‘*e(j[nent a-< idio/omo^ lornj*tf 
from the^e as bud^ on a ventral ^loIou. 

This sub-order imdiides a single faiidly, the Pyi >soM\nitA/ 
containin*^ one wtdl-iiiarked j^enuN /*///•( IV ron, with #i)'< ^ \ 
Species. They are found swimminu near the snria«* oi the i 
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Fig. 56. — Pytmma. A, lateral view (uat. size ) ; B, eail view ; 0» djajrnim of 'tfiavtn tn t f 
wction, atf Atrial apertures ; l)nrancbial aptfitimit; cotnai<u» ♦Urava 
eiKlostyle ; i, tebt ; veltim or diaphraijai at teiuiinal 

chiefly in troi)ical latitudes, and are brilliaatly phos|>hor^*Mi*nt. 
A fully (Ieveloj)ed Fifnmitut etduny nwy Ite from au inch or t%\o 
to upwards of twelve feet in lenj^tlu 

The Colony. — The sliape of the colony is K*en in 50, A 
It taj)ers slightly towards the cdosed end, which is rounded. Tfio 
<»I)ening at tlie opposite end may lie redu<*#*d in size 1* and ( . 
by the presence of a membranous pnilfuigiition of the ctauiuon 
test, which can be contrac'ted or eximmltnl by moanH ot the 
muscle-bands it receives fironi the atrial siphons of nci*:h!K->uriTi4 
zooids. The branchial apertures of the astddiozi^iids are mo-^ilv 
placed upon short (in some ctises longer) |ttipillao prujecting inim 
th^ general surface, and many of the ahcidiozooids ha\e loiig cnttioal 
prd(^sses of the test extending outwards lieyond their bramhial 
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apertures (Fig 57, f) There is only a single layer of adult 
ascidiozooids in the wall of the Pijrosoma colony, as all the fully 
de\ eloped ascidiozooids are placed with their antero -posterior 
axes at light angles to the surface and communicate hy their 
atrial apertures ^vith the central cavity (Fig 56, C) Their 
dorsal surfaces aie turned towards the open end of the colony, 
and the buds are given off from their ^entral edges (Fig. 57). 

Anatomy. — The more important points in the structure of 
the ascidiozooid of Pyrosoma aie shown in Fig. 57. A circle of 



Fig 67. — Ascidiozooid of 
Pyiosoma fiom the right 
side a, Anus , At, atiial 
aperture , at m, atnal 
muscles , Br, branchial 
aperture , h $, branchial 
sac , cl, cloaca d I, dor 
sal lamina , d t, dorsal 
tubercle , ec, ectoderm , 
en endoderm eiid, endo 
st} le , Jit, heart , I o, 
luminous organ , 7ne$, 

mass of mesoderm cells, 
mf, muscle hbre , n g, 
nerve-ganglion , oes, oeso 
phagus , sg, stigmata , si, 
stomach , stol, stolon , 
t, test , t', projection of 
test near branchial aper- 
ture , tes, testis , tn, ten- 
tacle , 1, 2, 3, buds. 


tentacles, of which one, placed ventrally (tn), is larger than the 
lest, IS found just inside the circular branchial aperture. From 
this point a wide cavity, with a few circularly placed muscle- 
bands running round its walls, leads back to the large branchial 
sac (hr b ), which occupies the greater part of the body. The 
large stigmata are elongated transversely (dorso-ventrally), and 
are crossed by internal longitudinal bars running antero-posteriorly. 
The dorsal lamina is represented by a series of eight or ten 
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languets The nerve-ganglion (on which is placed a small pigmented 
sense-organ, the impaired '"eye”), the neural gland, the dorsal 
tubercle, the peiipharyngeal bands and the endo&t}le are placed 
m the usual positions On each side of the anterior end of the 
bianchial sac, close to the peripharyngeal bands is a mass ol 
rounded mesodermal gland-cells (Zo), which aie the source of 
the phosphorescence They are apparently modified leucocytes 
lynig m blood-sinuses The alimentary canal is placed posterioih 
to the branchial sac, and the anus opens into a large peribranchial 
or atiial cavity, of which only the median posterior part (cl), i< 
shown m Fig 57 The heart (Ei) hes between the posterior 
end of the branchial sac and the intestine, close to wheie the 
endostyle is prolonged outwards to form the inner tube of the 
ventral stolon The reproductive organs aie developed from a cord 
of germinal tissue which forms a part of e\ eiy budding stolon, and 
so estabhshes a continuity of origin between the o'v a of successu e 
generations of Fyrosoma, On the ventral edge of the body, 
immediately behmd the stolon, with part of which it is contmuous, 
a portion of this germinal tissue gives rise to a lobed testis (tes), 
and to a single ovum surrounded by mdifferent or foUicle-cclls. 

Development and Life-History. — The development tabes 
place within the body of the parent, in a part of the peribranchial 
cavity It IS a " direct ” development, the tailed lar'val stage being 
omitted. The segmentation is incomplete or meroblastic,” and 
an elongated embryo is formed on the surface of a mass of food- 
yolk FoUicle-ceUs, or kalymmocytes, migrate into the embryo, 
wh^e they aid in its nutrition The embryo (or young oozooid),^ 
after the formation of an alimentary cavity, a tubular nervous 
system, and a pair of laterally placed atrial tubes, divides into 
an anteiior and a posterior part (see Fig. 58). The anterior 
and 'ventral part, or stolon, then segments into four pieces (the 
tetrazooids or first blastozooids),^ which afterwards develop into 
the first ascidiozooids of the colony, while the posterior part 
remains in a rudimentary condition, and is what was called by 
Huxley the "" cyathozooid ” (Fig 58, cy) This is really the 
degenerate oozooid, and eventually atrophies without having 

^ “ Oozooid*' and ‘‘blastozooid*’ have not always been used in the same sense 
It IS best to regard as oozooid the first member of a new colony derived from 
an embryo formed by tbe fertilisation of an ovum, and to call the remaining 
ascidiozooids produced by gemmation tbe blastozooids 
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completed its development, but having precociously given rise to 
the budding stolon 

As the four ascidiozooids increase in size, they grow round 
the cyathozooid and soon encircle it (Fig 58, B). In this con- 
dition the young colony leaves the body of the parent and becomes 

free. The cyathozooid ab- 
sorbs the nourishing yolk 
\ upon which it hes, and dis- 
I / \ it to the ascidio- 

' ^ ^ I ^ by means of a heart 

/[ ^ I I system of vessels which 

have been meanwhile 
formed. When the cyatho- 
^ n zooid atrophies and is 

Fig. 58 — Development of Pyrosoma colony. A absorbed, its original atrial 
young stage showing oozooid or cyathozooid, remaiTi<? find 

cy, with stolon divided into four hiastozooids aperture remains ana 

(I -IV ) • V, viteiiiis B, older stage showing deepens to become the cen- 

the four hiastozooids in a ring around the •j.w i ^ 4 ? 

remains of the cyathozooid. (Alter Salensky ) ^^^1 CaVlty of the young 

colony, which now consists 
of four ascidiozooids placed in a ring, around where the cyatho- 
zooid was, and enveloped m a common test The test is at first 
formed by the ectoderm cells of the cyathozooid. Later it 
becomes invaded by mesoblast cells from the ascidiozooids in the 
usual manner. The colony gradually increases by the formation 
of buds from these four original ascidiozooids. The young colony 
is, in some species, at first male, and only becomes hermaphrodite 
when it has attained to some size. 


Occurrence. — The half-dozen known species of Pyrosoma 
are widely distributed over the great oceans, although they are 
probably most abundant in tropical waters. Pyrosoma atlanhcum, 
P4ron, and P. giganteum, Lesueur, are the commonest forms. 
Although sometimes abundant in the Mediterranean and the North 
Atlantic they have apparently not been found in British seas. 
P. elegans, Lesueur, is a Mediterranean form allied to the last two , 
and P. minatum and P. alierniosum, Seeliger, were discovered 
during the German “ Plankton expedition in the tropical Atlantic 
Fmally, the enormous P. sjpinosum, Herdman, was found by the 
“ Challenger” in both North and South Atlantic m 1873 ; and 


^ According to Kowalevsky. Salensky, however, considers that the atrial 
ipeiture closes, and that a new surface depression appears later. 
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some years later (Perrier’s P. excelsior) by the French Talisman ” 
expedition in the tropical Atlantic. The late Professor Moseley 
said of this Challenger ”) species, “ I wrote my name with my 
finger on the surface of the giant Pyrosoma as it lay on deck in 
a tub at night, and my name came out in a few seconds in letters 
of fire.” Bonnier and Perez have recently recorded that they 
saw an enormous profusion of a large Pyrosoma (up to four 
metres in length) in the Arabian part of the Indian Ocean. 


Order IIL Thaliacea (Salpians). 

Free-swimming pelagic forms of moderate size, which may be 
either simple or compound, and in which the adult is never 
provided with a tail or notochord. Consequently the whole body 
here corresponds to the trunk only of the Appendicularian with- 
out the tail. The test is permanent, and may be either well 
developed or very slight. In all cases it is clear and trans- 
parent. The musculature of the body-waU is in the form 
of more or less complete circular bands, by the contraction of 
which water is ejected from the body, and so locomotion is 
effected. The branchial sac has either two large, or many small, 
stigmata, leading to a single peribranchial cavity, into which 
the anus also opens. Blastogenesis takes place from a ventral, 
endostylar stolon. Alternation of generations occurs in the 
life-history, and may be complicated by polyifiprphism. The 
Order Thaliacea comprises two groups, Cyolomyaria (such as 
Doliolum) and Hemimyaria (such as Scdpa). 

Sub-Order 1. Cyclomyaria. 

Free-swimming pelagic forms which exhibit alternation of 
generations in their life-history, but never form permanent 
colonies. The body is cask-shaped, with the branchial and atrial 
apertures at the opposite ends. The test is moderately well 
» developed, never much thickened. The musculature is mostly in 
the form of complete circular bands surrounding the body. The 
branchial sac is fairly large, occupying the anterior half or more 
of the body. Stigmata are usually present in its posterior part 
only. The peribranchial cavity is mainly posterior to the 
branchial sac. The alimentary canal is placed ventrally, close to 
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the posterior end of the branchial sac. Hermaphrodite repro- 
ductive organs lie ventrally near the intestine. 

This group IS clearly distinguished from the second sub-order, 
the Hemimyaua, by the condition of the muscle-bands and of the 
branchial sac, and by the life-history. The muscle-bands are 
complete rings (except in Anchima), while in the Hemimyaria 
they are always more or less incomplete. The branchial sac 
in the Cyclomyaria is a distinct cavity, and communicates with 
the peribranchial cavity only by small slits or stigmata. The 
life-history is also very characteristic, as the sexual generation m 
the Cyclomyaria is always polymorphic, while in the Hemimyaria 
it consists of one form only. 

Structure of Doliolum. — The single family Doliolidae in- 
cludes three genera, Doholum, Quoy and Gaimard, Lolclnnia, 
Korotneff, and AncUnia, Eschscholtz Doliolum, of which about 



Fi(j. 59 — Sexual generatiou of Doholum trztoms, Herdman, 
from left side. xlO at. Atrial aperture; at I, atnal 
lobe< 5 ; at.m, wall of atnum ; 6r, branchial aperture , h I, 
branchial lobes ; hr.s, branchial sac , d t, dorsal tubercle , 
end, endostyle ; h, heart ; i, intestine ; m, mantle , 7ri>-^nP, 
cucular muscle-bands ; n, nerve ; n g, nerve-gangbon , ov, 
ovary ; p Iff, peribranchial cavity , pp, peripharyngeal 
bands ; sg, stigmata ; s gl, neural gland ; s o, sense- oigan ; 
St, stomach ; t, test ; tes, testis ; z, prebranchial zone 
(After Herdman ) 


a dozen species 
are known, from 
various seas, has 
a cask - shaped 
body (Eig. 59), 
usually from 1 
to 2 cm. in 
length. The ter- 
minal branchial 
and atrial aper- 
tures are lobed, 
and the lobes are 
provided with 
sense-organs. The 
test is a thin but 
tough transparent 
layer, and con- 
tains no “ test ” 


cells. It is merely a cuticle covering the surface of the squamous 
ectoderm. The body-wall has eight or nine circular muscle-hands 
surrounding the body. The most anterior and posterior of these 
form the branchial and atrial sphincters. The wide branchial and 
atrial apertures lead respectively into branchial and peribranchial 
cavities separated by the posterior and postero-lateral walls of 
the branchial sac which are pierced by a considerable number of 
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the other hand, there are certain features in the Catopteridae 
which indicate an approach to Fishes of an altogether inoie modern 



Fig. 283 — PaZaeoniscus macropcmv^t Restoration, nearly one half nat size 

(From Traqnair ) 


type. Finally, the Chondrosteidae 



Fig 284 — Ontlme restoration of the skull and 
secondary pectoral girdle of Palaeomscits 
maciojponms an^ Angular , hr r, branchio- 
stegal rays ; clavicle (cleithrum) , 
dentary ; d ect^ dermal lateral ethmoid , /, 
frontal , % cl, infra-clavicle , ^ op, suboper- 
cnlum , mamlla , n, nostril , op, oper 
cnlum , or, orbit ; p, parietal ; pf, pectoral 
fin , p.m% premaxilla , p op, preoperculnm ; 
p t, post-temporal ; s.cl, supra-clavicle ; s o, 
circumorbitals ; sq, squamosal , the single 
median bone overlying the short rostrum 
IS probably a dermal mesethmoid, and the 
one intercalated between the squamosal 
and post temporal a supra-temporal. The 
dotted hnes indicate sensory canals. (From 
Traqnair ) 


represent a stage in a career 
of degeneration, the climax 
of which IS reached by the 
modern Polyodontidae and 
Acipenseridae. 

Fam. 1. Palaeoniscidae.^ 
— Fishes with fusiform bodies, 
short dorsal and anal fins, 
and usually with a complete 
investment of articulating 
rhombic, rarely cycloid, ganoid 
scales (Fig 283). Fulcra 
generally present at the bases 
of the median fins, and especi- 
ally along the dorsal border of 
the upper caudal lobe. Eibs 
are not hnown to be present. 
Skull invested by a very com- 
plete series of paired dermal 
bones, which in number and 
disposition conform to the 
normal Teleostome type (Fig. 


284). The secondary upper jaw includes both premaxillae and 
large maxillae , and, as a rule, both the dentary and splenial bones 

^ Traquair, Monogr, Palaeont, Soc 1877 ; Quart. Journ Oeol. Soc. xxxixi. 1877 ; 
Tram. Roy. Soc. Bdvab xxx. 1883, p. 22 , Awih. Mag, Nat. S%st. (4) xv. 1876, 
p 237 ; Smith Woodward, Mem. Gcol Suro, N. S. Wales, Palaeont, No. 4, 1890, 
and No 9, 1895. 
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small stigmata , consequently there is a free passage foi the 
water through the body along its long axis, and the animal 
swims by contiacting its iing-like muscle-bands so as to force out 
the contained watei posteriorly When stigmata are found on 
the lateral walls of the branchial sac (see Fig 59) there aie 
corresponding anteriorly directed diverticula of the peribranchial 
cavity There is a distinct endostyle on the ventral edge of the 
branchial sac and a peripharyngeal band surrounding its anterior 
end, but there is no representative of the dorsal lamina along its 
dorsal edge , and there are neither branchial nor atrial tentacles 
The oesophagus commences rather on the ventral edge of the 
posteiior end of the branchial sac, and runs backwards to open 
mto the stomach, which is followed by a curved intestine openmg 
mto the peribianchial cavity The ahmentary canal as a whole 
is to the right of the middle line The hermaphrodite repro- 
ductive organs are to the left of the middle line alongside the 
alimentary canal They open mto the peribranchial cavity 
The ovaiy is nearly spherical, while the testis is elongated, and 
may be continued anteriorly for a long distance. The heart is 
placed m the middle line ventrally, between the posterior end of 
the endostyle and the oesophageal aperture The nerve-ganghon 
lies about the middle of the dorsal edge of the body, and gives 
off many nerves Under it is placed the neural gland, the 
duct of which runs forward and opens mto the anterior end of 
the branchial sac by a simple aperture surrounded by the spirally 
twisted dorsal ends of the peripharyngeal bands. 

Life -History — The ova produced by the Doholum of the 
sexual generation, after a complete or “ holoblastic segmenta- 
tion, and normal invagination, produce tailed larvae with a 
relatively small caudal appendage, and a large body m which 
the characteristic musculature begins to appear (Fig 60, A) 
These larvae after metamorphosis lose their tads and develop 
into oozooids, known as " nurses,” which are asexual, and are 
characterised (Fig 60, B) by the possession of nme muscle-bands, 
by the stigmata being few m number and confined to the posterior 
end of the branchial sac, by an otocyst on the left side of ^ the body, 
by a ventrally-placed complex stolon or “ rosette organ near the 
heart, from which primary buds are pioduced by constnctioiL, 
and by a dorsal outgrowth ^ the cadophore”) near the posterior end 
of the body The buds (blastozooids) give nse eventuaUy, after 

VOL VII 
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farther division, to the sexual generation, which is lH>lyiuor})h}c 
— having three distinct forms, in two of wliicii the repro- 
ductive organs remain undeveloped. 

The primary buds are constricted off while still vi'ry young 
and undeveloped (Fig. 60, D,B, and E) ; they migrate from their 
place of origin on the stolon, over the siirfae(» (aided hy large 
amoeboid test-cells which become attached to the buds) (Fig. GO 
B), multiply by fission, and become attached (again hy the Imlp 
of amoeboid test-cells and ectoderm cells which form a alight 



Fig, 60.— Life.:^tory of Doliolum, A, tailed larval stage; B, ^nurac** or oozooid. 
showing buds (blastozooids) migrating from the ventral atolou to the doraal process : 
o, posterior part of much later oozooid to show buds arranged in tlireo rows on 
dorsal process ; D, stolon segmenting ; E, young migrating bud ; F, trophozooid 
developed from one of the buds of a lateral row. At, Atrial aperture ; h, buds : Bn 
branchial aperture ; d, cloaca ; d.p, dorsal process ; end, endostyle ; hf, heart ; l.h, 
laterm buds; in.b, median buds; nerve - ganglion ; at, otocyst; w.c, peri- 
cardium ; sh, stalk ; sto, stolon. (After tJljanin and Barrois.) 


“placenta”) in three rows — a median and two latei-al — to 
the dorsal outgrowth (Fig. 60, 0) of the body of the nurse 
This parent -form by this time has become greatly modified, 
and its structure is largely sacrificed for the good of the buds or 
Rowing zooids, for whio^jjjjt really forms a locoiuotory organ. 
m muscle-bands beceme fAtly developed in width (Fig. 60, 

and the branchial^eshv^k, endostyle, and alimentary canal 

The three forms produced in the second generation are as 
follows :~(l) DTutritivelformB (“ trophozooids ”) derived from the 
lateral rows of buds, which remain permanently attached to the 
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of the lower jaw arc dentigerous. Except for the absence of an 
interoporeulum, the opercular series of bones is complete, inelud- 
mg nmnerous brancMostegal rays. There is a single amall 
median jugular plate. 

The rakeoniscidae are remarkable both for their individual 
and spoeitic abundance and for their extensive range in time. 
Represented only by Gheirohjpis in the Middle Old Eed 
Sandstone and l')evonian, the family attained its maxnnum 
development in the later Palaeozoic rocks (Carboniferous and 
Lower Ik'rmi<in), became rare in the Mesozoic, finally dwindhng 
away at the close of the Jurassic period. Their geographical 
distribution in the past is hardly less remarkable. In various 
geological formations they have been found in Great Britain and 
IreLind, in widely remote parts of continental Europe, and in 
North America, South Africa, and Australia. Cheirol&pis, Ambly- 
2 >fr^*us, Ga7ioiius, Fhanerosteon, Moniclithys, OryphioUjois, Falaeo- 
Qum^u.% and 'frissolepis are Palaeozoic genera. Gyrolepis, Urolepis, 
Co(*cnlepiSf Oxygnath'us, and Oenirolepis are characteristic Meso- 
zoic forms. 

Fam. 2. Platysomidae.^ — More or less deep-hodied Pishes, 
with elongated dorsal and anal fins, a high head, short jaws, 



Fig. 285.— Bestoration of Mrymius armatus. m.cl, Iiifra-clavicle ; 1 1, lateral line , 
orbf orbit ; other reference letters as in Fig. 284. (From Traqnair ) 


usually armed with hluntly conical tritoral teeth, and a complete 
investment of high, narrow, rhombic scales. They agree with 
the Palaeoniscidae in their osteology and in most other essential 
^ Tra^uair, Trans, JRoy, Soe, JSdinh, xxix. 1879, p. 348. 



OGzooid, au^l uro \\,r tli»* K r - * . * 

colony. Tln^y N-rvo nif‘rHly ,4ijj hi u’jtj. n, : ’ - j . 
the food lor the nurs#^ and thi* lUMii itri rc,;.. r i' v i': 

in anv<ted; they have the l^idy ,[.,rr -'. ■!/ 1 ,'!! / \v»! , 

large fiuinel - likfi hnniehial a?/ nar»‘ oo 1 iu>, M 

muR'idalure* is very slii^htly develMj»u{. 

'2j Some of the median ) a a he, i,jaf» ]hor e 

zooids*;, vvhieh, like the jma'edinjj tropie lad- ^In u^l hmiir 
sexually matme, lait, unlike them, are evniualiy -d 
cask-shaj^d hcMlies having the i^xVvhif*' '*ar nr \vi*h emdit 
eueircliiig uiust*le-l winds, and having, ,i \4*jitra2 oc'- 

growth fnot a stolon), which is f<»nm'd el thf* A.iU: hy whr, h 
the body was formerly uttiK.hed To the do;\<u r.f tl;e 

oozooid. On this veTitml ontgrowt’n tie** -tre 

attached wliile still very young oad.s, and r j hor* 
are set free these reprtKluctive ionas gradually athdti their mui.- 
plete development, Ifecome a^xmilly mature, and -m t*\ ntirdly 
se^Kirated off, finally losing all trace of thr*ir tem|«a**ry efaim xu u 
with the foster-forms. Thi‘y remuhle the fosterd»»nh‘i n* h iving 
a cfisk-.shaj)ed body with eight inuside-liitnds, hnd tiirter ir: The 
ahseiice of a ventral prcK'ess, ami in having tin,* ^^♦‘xu;d repro* 
ductive organs fully develoi)e<L 

Occurrence. — The l>est- known memh*r of the genny y 
JDoIiolum ^r/7oai«, Herdiimn, which was cuptunnl in the 
in thousands hy Sir John Murray during tlie rruiwe of H.MS. 
" Triton'' in the summer of 1882 in the Xorth Atlanii*.. 
then that species, or the closely allied JK nftfii^nnh\% rrt>rg»-rt, have 
been found on more than one octramon in tht^ Eugli?*h (daninel 
and other parts of our south-'west const, and so Ih^^UoUnn may 
be regarded as an occasional uieml>er of the 
faumx. 

It is probable that the oetasioiml phenomenal ^^waniiK of 
Doliohim which have been met with in summer in the Nv^rtli 
Atlantic are a result of the cinious lifeduFlory which, under 
favourable circumstances, allows of a small nnnifwT i*f 
producing from minute buds au enormous numljcr of phorozuhtis 
and gonozooida. 

As the result of the careful quantitative work (rf the (ierurm 
^Plankton" expedition, Botgert thinks that the timipmtnrc id 
the water has more to do with both the horizontal and tfvc 
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vertical distribution of these Thaliacea in the sea than any other 
factor. 

Other Genera. — AncMnia, of which only one species is 
known, A. rubra, Vogt, from the Mediterranean, has the 
sexual forms permanently attached to portions of the dorsal 
outgrowth from the body of the unknown oozooid nurse 
The stolon is probably much longer than in Doliolum, and curves 
round s<;^ as to reach and he along the dorsal outgrowth, upon 
which it places the buds. 

The body of the adult is elongated dorso-ventrally. The 
test is well developed and contains branched cells. The mus- 
culature is not so well developed as in Dolioluni. There are 
two circular bands at the anterior end, two at the posterior, and 
two muscles on the middle of the body, which unite to form the 
characteristic S-shaped lateral bands. The stigmata are confined 
to the obhquely-placed posterior end of the branchial sac. The 
ahmentary canal forms a U-shaped curve. The reproductive 
organs are placed on the right side of the body. The life-history 
is still imperfectly known. As in the case of DoHoIutti the 
sexual generation is polymorphic, and has three forms, two 
of which remain in a rudimentary condition so far as the 
reproductive organs are concerned. They are known as the 
first and second sterile forms, or trophozooids.” In AncMnia, 
however, the three forms do not occur, so far as we know, 
together at the same time on the one outgrowth, but are 
produced successively, or in different regions, the reproduc- 
tive forms of the sexual generation being independent of the 
'' foster-forms.” ^ 

The third genus, Dolchinia, contains also only ^ single species, 
D. mirahilis, found by Korotneff^ in the Gulf of Naples. It 
must have three different forms in its life-history — oozooid, 
phorozooid, and gonozooid, but the first of these is stiU unknown. 
On what must be body processes detached from the oozooid 
are found phorozooids somewhat like those of Doliolum^ bearing 
sexual forms attached to ventral stalks. Dolchinia is inter- 
mediate on the whole between Anchinia, the most simple member 
of the family, and Doliolum the most complex ; and may eventu- 
ally come to be united with the latter genus. 


^ See Barrois, Journ, d'Anat. et PhysioL 1885. 
® Mittk, Z, Stat, Keapel, x. 1891. 
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Sub-Order 2. Hemimyaria. 

Free-swimming pelagic forms which exhibit alternation of 
generations in their life-history, and in the sexual condition form 
colonies. The body is more or less fusiform, with the long axis 
antero-posterior, and the branchial and atrial apertures nearly 
terminal and opposite. The test is well developed but trans- 
parent. The musculature of the body-wall is in the foim of 
a series of transversely-running bands which do not usually form 
complete independent rings as in the Cyclomyapja. These 
partially-encircling muscles in the Salpidae (see Fig. 61, 7?i.5) 
are probably to be regarded as modified branchial and atrial 
sphincters which have spread over the intervening body. The 
branchial and peribranchial (cloacal) cavities form a continuous 
space in the interior of the body, opening externally at the 
ends by the branchial and atrial apertures, and traversed 
obliquely from the dorsal and anterior to the ventral and 
posterior end by a long narrow vascular ciliated band, which 
represents the dorsal lamina, the dorsal blood- sinus, and the 
neighbouring parts of the dorsal edge of the branchial sac of an 
ordinary Ascidian. The alimentary canal is placed ventrally. 
It may either be stretched out so as to extend for some distance 
anteriorly, or, as is more usual, be concentrated to form along 
with the testis a rounded opaque mass near the posterior 
end of the body, known as the visceral mass or “nucleus.'' 
The embryonic development is direct, no tailed larva being 
formed. The embryo is united to the parent for a time by 
a “ placenta." 

This sub -order contains, in addition to its typical members, 
the Salpidae, another still somewhat problematical family the 
OcTACNEMiDAE, including a single very remarkable deep-water 
genus (Octacnemus)^ which in some respects does not conform 
with the characters given above, and exhibits a certain amount 
of affinity with the primitive fixed forms from which Salpidae 
have been derived. 

Occurrence and Reproduction. — The family Salpidae ^ in- 
cludes the single genus Scd^pa, Forsk^l, which, however, may be 

^ The most useful works on the Salpidae are Traustedt, Vid. SelsJc, SJcr, ii. 8, 
1885, Copenhagen; and Brooks’s ‘‘The genus Salpa,” Johns JBLOjphins JBiolog* 
MemirSj ii. 1893. 
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divided into two well-marked groups of species — (1) those such 
as S. {Cyclosalpa) pinncda, in which the ahmentary canal is 
stretched out (“ ortho-enteric ” condition) along the ventral surface 




B 


Fig 61. — Salpa runci- 
nata ’f'usiformis A, 
aggregated or ‘ ‘ chain ” 
form ; B, solitary form. 
A t, Atnal aperture ; 
at ni, atnal muscles , 
B7, branchial aper- 
ture , hi Til, branchial 
muscles , d I, dorsal 
lamina or “gill” , d 
dorsal tubercle ; emh^ 
embryo ; end, endo- 
style ; in, mantle , 
m h, muscle - bands ; 
n g, nerve - ganglion ; 
p p, peripharyngeal 
bands ; $t, stolon ; st'^, 
“ cham ” of buds , t, 
test ; V, visceral “ nu- 
cleus.” 


of the body, and (2) those such as S. ruTwinata-fusiformis, in 
which the alimentary canal forms a compact globular mass (Fig. 
61, v), the "'nucleus” ("caryo- enteric” condition), near the 



Fig. 62 — Diagram to show the arrange- 
ment and connexion of the aggregated 
zooids in a young chain of Salps. 1, 3, 5, 
zooids on. the right ; 2, 4, 6, zooids on 
the left. At, Atrial aperture of a zooid ; 
Br, branchial aperture of another ; c t 
at the top of the figure points to three 
pairs of connecting tubes ; c,t at the 
foot, to two pairs. Each zooid is united 
to each of the four neighbouis it touches 
by a pair of connectmg tubes, and so has 
eight such tubes in all 


posterior end of the body. About fifteen species altogether are 
known ; they are all pelagic in habit, and are found in nearly 
all seas. Each species occurs in two forms (Fig, 61, A and B), 
the solitary asexual {proleB soUtaria), and the aggregated sexual 
(jproles gregaria), which are in most species quite unlike one 
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another, the aggregated form being usually more rounded, ovoid, 
or fusiform (Eig. 61, A), and the solitary more quadrangular, 
and often provided with conical processes or projecting points* 

The solitary form gives rise, by gemmation at the ijosterior 
end of the endostyle (Fig. 63), to a complex tubular stolon, con- 



Fig. 63. — Diagram to 
show the relations 
of the groups of 
young huds "tthen 
first formed on the 
stolon of Salpa ot, 
Atrial aperture ; hr^ 
branchial aperture ; 

ekeobla&t; end^ 
endostyle ; A, heart *, 


M./7, iier\e- gang- 
lion ; ov, ovum ; s, stolon ; st, stomach ; I, II, III, groups of buds. (After Brooks.) 


taining processes from the more important organs of the parent- 
body, which give rise to an endodermal tube, two perihranchial 
tubes, a neural tube, two blood-sinuses and mesoblast cells, a 
genital cord, and over all the ectodermal covering (see Fig. 64). 
This stolon becomes segmented (Fig. 63) into a series of buds or 


Pig. 64. —Transverse 
section through 
endostyle and 
young stolon of 
SalpapinncUa. ec, 
Ectoderm of parent 
reflected at ec' to 
cover base of 
stolon ; ed', ecto- 
derm of stolon ; 
etidi endoderm of 
stolon ; ff, ovary ; 
mes, mesoderm 
cells ; Tiy nerve- 
tube of stolon; 
pMy peribranchial 
tubes of stolon, 
(After Brooks.) 


young “chain” individuals, of which there may he several 
hundreds. As the stolon elongates (Fig. 61, B, $t"), the huds 
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undergo lateral shifting, and rotation round their longitudinal 
axis, so as to acquire the relations seen m the '' chain,” which 
then emerges from the tube in the test through which it has been 
growing, so as to project to the exterior near the atrial aperture. 
The buds at its free end which have now become far advanced 
in their development are set free in groups, which remain attached 
together by processes of the test, each enclosing a diverticulum 
from the body- wall (Fig 62), so as to form “chains.” Each 
member of the chain is a Salpa of the sexual or aggregated form, 
and when mature may — either still attached to its neighbours or 
separated from them — ^produce one or several embryos (Fig 61, 
A, emV), which develop into the sohtary form of Salpa, Thus 
the two forms, different in appearance and structure and different 
in mode of origin, alternate regularly in the life-history of Salpa, 
Structure. — The more important points in the structure of a 
typical Salpa are shown in Fig. 66. The branchial and atrial 
apertures are at opposite ends of the body, and lead mto large 
cavities, the branchial and peribranchial sac respectively, which are 
in free communication at the sides of the obliquely-runmng dorsal 
lamina or “gill” (dl) The transparent test is usually thick, 
and varies from a gelatinous to a stiff cartilaginous condition ; it 
adheres closely to the surface of the mantle (ectoderm and body- 
wall). The muscle -bands (from 4 to about 20 — usually 8 
or 10) of the mantle do not in most cases completely encircle 
the body They are present dorsally (Fig. 65, muslds) and 
laterally, but the majority do not reach the ventral surface. In 
many cases neighbouring bands join in the median dorsal Ime 
(Fig. 61). The muscle fibres are striated, and have rows of 
large equidistant nuclei. The anterior end of the dorsal lamina 
is in some cases prolonged to form a prominent tentacular organ, 
the languet or dorsal tentacle, projecting into the branchial sac, 
while near this opens a ciliated funnel corresponding to the 
dorsal tubercle, but having no connexion in the adult with 
either ganglion or subneural gland. The conjoined ganglion and 
subneural gland, the dorsal lamina, the peripharyngeal bands and 
the endostyle are placed in the usual positions. Eyes in the 
form either of a continuous horse-shoe-shaped pigmented ridge 
on the dorsal surface of the ganglion immediately below the ecto- 
derm, or of one larger median and several smaller lateral ocelli 
are found in the various species of Salpa, These eyes have in 
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niost cases a retina formed of elongated cells, and a pigment-layer 
placed upon the ganglion 

The so called otocysts of Salpa have been shown by Metcalf 
to be leally glandular organs They have been called lateral 
neural glands, they do not open at the dorsal tubercle, but 
separately into the pharynx These lateral neural tubular glands 
ha\ e also been regarded as nephridia 

The large spaces at the sides of the dorsal lamma (often 



Fig 60 — Dzagrammatic sagittal section of a “ ctain SaZpa an. Anus , at, atrial 
aperture at ni, mubcles of atrial aperture , air ca% atrial cavity , branchial 
apeiture, }yrm, muscles of branchial aperture, trs branchial sac, dl, doisal 
lamina or ‘ gill \ dt, dorsal tubercle end, endostyle , ht, heart , %nt, intestine , 
I, sensory languet , mus hds, muscle bands , n g, nerve ganglion , oc, eye spot , oe, 
oesophagus , ov ovary , pp b, peripharyngeal band , s gl, neural gland , stom, 
stomach , t,t\ test , tes, testis , z prebianchial zone (After Herdman ) 

called the gill or bianchia of Sal^pa), by means of which the 
cavity of the branchial sac is placed m free communication with 
the peiibranchial cavity, are to be regarded as gigantic giU-slits 
foimed by the suppression of the lateral walls and small stigmata 
of the branchial saa The ahmentary canal at the posterior end 
of the '' gill ” consists of oesophagus, stomach, and intestine, with 
a pan of lateral gastric glands or caeca These viscera along 
with the reproductive organs, when present, make up the 
nucleus ’’ (Fig 66, -y) 

Alternation of Generations. — Fig 66 represents an 
aggregated or sexual Salpa, which was once a member of a chain, 
since it shows a testis and a developing embryo. The ova 
(always few in number, usually only one) appear at a very early 
period in the developing chain Salpa, while it is still a part of 
the gemmiparous stolon in the body of the solitary Salpa This 
gave rise to the view put forward first by Brooks that the ovaiy 
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really belongs to the solitary stolon-bearing Salpa, which is 
therefore a female producing a series of males by asexual 
gemmation, and depositing in each of these an ovum, which wiU 
afterwards, when fertilised, develop in the body of the male into 
a solitary or female Salpa, This idea, if adopted, would pro- 
foundly modify our conception of Salpa as an example of a life- 
history showing alternation of generations, but it seems to me to 

give a distorted view of the 
sequence of events. The 
fact that the stolon while 
in the solitary Salpa con- 
tains, along with representa- 
tives of other important 

systems of the body, a row 
of germinal cells, does not 
constitute that solitary 
Salpa the parent of the ova 
which these germinal cells 
will afterwards become in 
the body of an independent 
bud. We must regard as 

the parent the body in 
which the ova become 
mature and fulfil their func- 
tion. The sexual or chain 

Fig. 66.— Salpa hexagona, Q. and G. Chain ^ i althnnab rPflllv hpr 

form dissected from the left side, a, Anns ; aiUnOUgn reauy Uer- 

at, atrial aperture ; Sr, branchial aperture ; maphrodite in itS life-his- 
dli dorsal lamina (“gill”); d.t, dorsal , . n i i. 

tubercle ; embryos ; endostyle ; usually proto- 

m.h 2, m.& 7, second and seventh muscle- gynOUS, the OVa mature 
bands : 7i.g. nerve - gangbon ; v, visceral ® i 
» nucleus.” (After 'ftaustedt.) at an earlier period than 

the male organ or testis. 
This prevents self-fertilisation. The ovum is presumably fertil- 
ised by the spermatozoa of an older Salpa belonging to another 
chain, and the embryo is far advanced in its development before 
the testis is formed. The development takes place inside the 
body of the parent, and is direct ” — no tailed larval form being 
produced. 

Development and Life-history. — The segmentation of the 
egg is holoblastic, and gives rise to a number of blastomeres, 

^ According to Metcalf, Salpa eylindrica is protandrous 
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•which are for a time masked hy the phenomenal activity of 
certain cells of extraneous origin, the “kalymmocytes,” derived 
from the follicular epitheliunr sun-ouiiding tlie ovum. These 
follicular kalymmocytes migrate into the ovum, surround groups 
of hlastomeres, and arrange themselves so as to reproduce the 
essential structure of the future embryo for which they form 
■what may be termed a scaffolding or temporary support. Ai'ter 
a time the hlastomeres become active, imoliferate rapidly, and 
finally press upon and absorb the kalymmocytes, and so eventu- 
ally take their proper place in building up the organs. Some 
observers regard the kalymmocytes as being pas.sive and nutritive 
only in function. 

Fig. 67. — Young solitarj" 
Salpa. democratica-vnicrn- 
nata attached to the 
parent by the placenta. 
atr.ap. Atrial ajierture ; 
hr, dorsal lamina ; 
dorsal tubercle; tU, 
elaeoblast ; eiid, endo- 
style ; njjn, nerve-gang- 
lion ; aes^ oesophagus ; 
or,ap, branchial aperture ; 
perk, perioardinm ; pi, 
placenta ; rect, intestine ; 
stol^ stolon ; stom^ stomach. 
(From Parker and Has- 
■well, after Salensky.) 



At an early period in the development a part of the surface 
of the embryo, on its ventral edge, becomes separated off, along 
with a part of the wall of the cavity (“ oviduct ” — a diverticulum 
from the atrium) in which it lies, to form the “ placenta ” (Fig. 
67, 'pl) in which the embryonic and maternal blood-streams 
circulate in close proximity, and so allow of the conveyance of 
nutriment to the developing embryo by means of large migrating 
placental cells. At a somewhat later stage a number of cells 
placed at the posterior end of the body alongside the future 
nucleus become filled up with oil-globules to foim a mass of 
nutrient material — the "elaeoblast” (Fig. 67, ell ) — which is 
used up later in the development. Many suggestions have 
been made as to the homology and meaning of the elaeoblast ; 
but it may now be regarded as most probable that it is reserve 
food-material associated with the disappearing rudiment of the 
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tail found in the larval condition of most Ascidians The develop- 
ment IS diiect and it may be said, then, that this young asexual 
(solitai}) Saljpa differs from the corresponding form in the hfe- 
history of Doholum (Fig 60, A) in that its tail is no longer a 
locomotory organ, but is represented by a nutritive mass, the 
elaeoblast, while the body, in place of being free, is attached by its 
ventral smfface to a special organ of nutrition — the placenta ” 
— in connexion with the blood-stream of the parent 

This embryo sexually pioduced inside the body of an aggre- 
gated form becomes a solitary Saljpa (such as Fig 61, B), which 
differs in appearance, structure, and habits from its parent, and 
has no reproductive organs After swimming for a time, how- 
ever, it develops the vential stolon on winch buds form which are 
eventually sexual Salpae These are set free from the sohtary 
form in sets, still connected together, and they may swim about 
together for a time as a chain of aggregated Salpae befoie separating 
to become the adult sexual indi\iduals (such as Fig 61, A) 
Classification. — Saljpa may be divided into the following sub- 
genera ^ — Gyclosalpa, BlainviUe, m which the alimentaiy canal is 
ortho-enteiic, and the ‘‘ chain ” consists of individuals united in a 
circle j lasis, Savigny, with several embryos formed at a time , and 
Pegea, Sav, Thaha, Blumenbach, and Salpa, Forsk^l, all with 
one embryo only, and differing from one another in the condition 
of the gill '' and other details all except Cyclosaljpa have the 
alimentaiy canal caryo-euteiic Gyclosalpa has three species, the 
best known of which is G f%nnata of the Mediterranean, a form 
possessing light-producing organs like those of Fyrosoma, but 
placed along the sides of the body Salpa has four or five species, 
one of which, S runcinata-fusifor'rms (Fig 61), has occasionally 
been found in Biitish seas, Thaha includes the species T 
democQ aUca-mv^ronata, which has been sometimes obtained in 
swarms in the Hebridean seas, oi cast ashore on our southern or 
western coasts , Pegea has the species P souhgera-confoederata , 
and lasis contams the remaining half-dozen species, the best 
known of which is J cordiformis-zonaria, the only other Salpian 
which has been found in British seas 

The family Ootacnemidae includes the single remarkable 

^ For a more detailed account of these subdivisions of the Salpidae, and other 
groups, see Herdman’s ** Revised Classification of Tunicata,’^ Lvm Soc.^ 

Zool , will 1891, p 558 
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genus Octacnemus, now known in a solitary and an aggref^ated 
form. It was found during the “ Challenger ” e.’cpeditio:[C and was 
first described hy Moseley. It is apparently a deep-sea repre- 
sentative of the pelagic Salpidae, and may possibly be fixed at 
the bottom. The body in the solitary form is somewhat discoid, 
with its margin prolonged to form eight tapering processes, on to 
which the muscle-bands of the mantle are continued. The 
alimentary canal forms a compact nucleus, which is attached to 
an apparently imperforate membrane which stretches across the 
body, separating the branchial from the atrial cavities. The 



Pia. 68. — A, solitary form of OctacnemiAs hytkius (after Moseley) ; B, diagram of struc- 
ture of Octobcnemus (after Herdman) : C, aggregated form of 0. patagonieTisis (after 
Metcalf). 1, from outside ; 2, with test removed ; and 3. with mantle removed, 
a, Anus ; adh, area of attachment ; atrial, and 6r, branchial aperture ; 
branchial sac ; end^ endostyle ; g.s^ gill -slits ; intestine ; nerve-ganglion ; 
ce, oesophagus ; ou, ovary ; p.h', peribranchial cavity ] st^ stomach ; stol, stolon. 


endostyle is very short, and the dorsal lamina is also much 
reduced. The reproduction and life-history are entirely unknown. 
The aggregated form consists of a small number of individuals 
united by a slender cord composed of test, body -wall, and endo- 
dermal tissue. Odacnemm has been found ^ in the South Pacific 
from depths of 1070 and 2160 fathoms, and off the Patagonian 
coast from 1050 fathoms. Two species have been described: 0. 
hythiuSy Moseley, and 0. ^patagoniensis, Metcalf. Metcalf, who 
has recently investigated the aggregated form (0. patagoniensis), 
considers that the genus is more nearly related to the Clavelinidae 
than to the Salpidae. Possibly its position might he best 

^ See Herdman, Cfhallenger Jteport on Tunicata, part iii. 1888, p. 88 ; and Met- 
calf, Johns SCopkms Unw. Giro. Ko. 106, 1893, and Zool Jahrb. J.hth, Anat, 
xiii. 1900, p. 572. 
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indicated by a line diveigmg from near the point (3) in the 
phylogenetic diagiam below 


General Conclusions. 


The following diagram is a graphic lepiesentation of the 
genetic affinities, or what is now geneially supposed to have been 
the probable course of phylogeny of the Tunica ta It will be 
noticed that it shows (1) the Proto-Tumcates arising fioni Pioto- 
Chordata, not far from the ancestors of Amphioxus (see also, this 
vol p 112), (2) that the Larvacea are regarded as the most 
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primitive section of the group , (3) that the Thaliacea (Dolio- 
lidae and Salpidae) are supposed to be derived not directly from 
primitive pelagic forms, but through the early fixed Ascidians, 
not far from (4) the ancestral compound Ascidians, which gave 
rise to the Pyrosomatidae , (5) that the Ascidiidae and other 
higher Simple Ascidians are derived, like the Compound Ascidians, 
from ancestral Clavelinidae, and (6), that the Ascidiae Oompositae 
are polyphyletic, the Holosomata (Botryllidae and Polystyelidae) 
bemg derived from ancestral Simple Ascidians independently 
of the Merosomatous families 

The Tunicata are remarkable for the variety in appearance, 
structure, and life-history which they present No group illus- 
trates in a more instructive manner so large a number of 
important biological principles and phenomena They show 
solitary and colonial forms, fixed and free, pelagic and abyssal 
The development is m some cases larval and with metamorphosis, 
in others abbreviated and direct Persistent traces of ancestral 
characters are seen in the embryonic and larval stages, while the 
adults present the most varied secondary adaptations to littoral, 
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pelagic, and deep-sea, free-swimming and sessile modes of exist- 
ence. In the details of their classification they demonstrate both 
stable and variable species, monophyletic and polyphyletic groups. 
They exhibit the phenomena gemmation and of embryonic 
fission, of polymorphism, hibernktion, alternation of generations, 
and change of function. They have long been known as a stock 
example of degeneration; but in fact they lend themselves 
admirably to the exposition of more than one “Chapter of 
Darwinism.” 


Note to P. 78. — Oligotrema^ Bourne (Quart Micr, Sei xlm Pt ii 
1903, p. 233), a Molgulid from the Loyalty Islands, has a reduced branchial 
sac and greatly developed pinnate, muscular branchial lobes, probably used 
in capturing food. 



CHAPTEE IV 

CEPHALOCHORDATA 

INTEODUOTION GENERAL CHARACTERS ANATOMY OF AMPHIOXUS 

EMBRYOLOGY AND LIFE-HISTORY CLASSIFICATION Of" 

CEPHALOCHORDATA SPECIES AND DISTRIBUTION 

The CEPHALOCHORDATA comprise only a small group of little 
fish -like forms, the Lancelots, usually known as “Amphi- 
oxus,” and referable to about a dozen species arranged in 
several closely allied genera under the single family Braiichiosto- 
matidae. The best known form is BrancMostoma lanceolatum 
(Pallas), the common Amphioxus or Lancelot, which has been 
found in British seas, and even as far north as the coast of 
Norway, but is much more common in warmer waters, such as the 
Mediterranean, and is also found in the Indian Ocean. It is 
abundant in the Bay of Naples, and lives and breeds in great 
numbers in a salt lagoon, the “ Pantano,” near Messina, and from 
these localities most of the specimens have been obtained for the 
numerous recent researches upon its structure and development. 

Amphioxus was first discovered and described (1778) by 
PaUas, who regarded it as a Mollusc, and named it LiviaiJi 
IdnceolaUis. it was first correctly diagnosed as a low Vertebrate, 
and named BrancUostoma, by Costa, in 1834 The term 
AmjpMoxus, under which it has become so well known, was 
applied to it a couple of years later by Yarrell. 

The anatomy was for the first time fully investigated by 
Johannes Muller in 1841, and this important memoir has been 
supplemented in regard to special systems and histological 
details by numerous papers by many leading zoologists, such as 
those by Huxley in 1874, Langerhans in 1876, Lankester in 
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features, and they flourished in large numbers during the Carbo- 
niferous and Permian periods. Platysomits ranges from the 
Lower Carboniferous to the Upper Permian in Great Britain 
and continental Europe, and also occurs in the Carboniferous 
of North America. Eurynotus (Fig. 285), and the singularly 
deep-bodied Oheirodvs (Fig. 286), in which pelvic fins are 
unknown, axe British Carboniferous genera. 



Fig. 286. — Restoration of CTuirodus granulosus, d.ect, Dermal lateral ethmoid ; d.eth^ 
dermal mesethmoid ; d.sp^ either a dermal sphenotic or a post-orbital bone ; 1.1, 
lateral line ; orl, orbit. The pectoral fin is indicated in dotted outline. Other 
reference letters as in Fig. 284. (From Traquair.) 

Pam, 3, BelonorhyncMdae. — The systematic position of 
these Tri§.ssic forms is very doubtful, and it is by no means 
clear that they are Chondrostei at all. 

Pam. 4. Oatopteridae. — It is very probable that this widely- 
distributed Triassic family is an offshoot from the Palaeoniscidae. 
It agrees with the latter in the general character of the head 
and pectoral girdle and in the rhombic sc[uamation, but differs 
from its progenitors and approaches the more modern Holostei 
in the semi-heterocercal condition of the tail, and in the approxi- 
mate numerical agreement between the fimrays and radialia of 
the dorsal and anal fins.^ 

^ Smith Woodward, Brit. Mus, Gat Foss. Fishes, iii. 1875, p. 7. 
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1875 and in 1889, Eetzius in 1890, and Boven and Hatschek, 
both in 1892. Important papers on special points have also 
been \TOtten by Eolph, Eohde, Benliain, Andrews, Goodrich, and 
others^ The development was first elucidated by Kowalevsky in 
1867, at about the same time when he studied the development 
of the Ascidians, and later again in 1877* Further papers on 
the development and metamorphosis we owe to Hatschek in 
1881, Lankester and Willey in 1890 and 1891, Wilson in 1893, 
and quite recently to MacBride. Dr. Willey's book, Amjpliioxas 
and the Ancestry of the Vertelrata (1894), contains a summary 
of investigations on structure and development, an interesting 
discussion of the relations of Amphioxus to the other Chordata, 
and a full bibliography. 

* In addition to such original researches, Amphioxus is 
studied in more or less detail every year by countless senior and 
junior students in zoological laboratories and marine stations 
throughout the civilised world. The value of this primitive 
form as an object of biological education depends upon the fact 
that it shows the essential Vertebrate characteis, and their 
mode of formation, in a very simple and instructive condition. 
Although no doubt somewhat modified, and possibly degenerate 
in some details of structure, in its general morphology it 
presents us with a persistent type probably not far removed 
from the ancestral line of early Chordata. There are no sufficient 
grounds for the view that Amphioxus is a very degenerate re- 
presentative of fish- like Yertebrata. 

General Characters. — The Cephalochordata (or Acrania, in 
contradistinction to the Craniata or Yertebrata) are marine, 
non -colonial Chordata, in which the notochord extends the 
entire length of the body, running forward into the snout beyond 
the nervous system. There is no skull, and the notochord is 
not surrounded by any vertebral column. There are no limbs 
nor paired fins. There is no exoskeleton, and the ectoderm is 
a single layer of non -ciliated columnar cells. The mouth 
is ventral and anterior, the anus is ventral, posterior, and 
asymmetrically placed on the left side. ^ The pharynx is a large 
branchial sac, having its sides perforated by many gill-slits, and 
IS surrounded by an ectodermal enclosure, the atrium, which 
opens to the exterior by a median ventral atriopore. The 
stomach gives off a simple saccular pouch, the liver, which has 
VOL. VII 
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Fam. 5. Chondrosteidae. — This family affords an interesting 
anneetant link between the Palaeoniscidae and their degenerate 
living representatives the Polyodontidae and Acipenseridae. 
They agree with the latter in the general shape of the body, the 
growth of a preoral rostrum, and in the relatively amall size 
of their ventrally-placed and probably protrusible mouth (Fig 
287). The skin is entirely scaleless, except on the upper lobe of 
the caudal fin, where, as in Polyodon and Acipemer, the primitive 
rhombic squamation and a series of fulcra are retained. 

On the other hand, their relationship to the Palaeoniscidae 
is indicated by the general disposition of the dermal bones of 



Fig. 287. — Restoration of tlie skeleton of Ghronddrosteus acipenseroides. a/, Anal fin ; 
c h, cerato-hyal ; e, eye ; ka, haemal arches ; hyTn^ hyomandibular ; jugal ; 
n.a, neural arches; notochord; n,s, neural spines; pc.f, pectoral fin; 
pelvic fin; s.o, suborbital; s,op, suboperculum ; other reference letters as in Fig. 
284. (After Smith Woodward.) 

the cranial roof, and the presence of a transverse row of snpra- 
temporals and of an extensive series of branchiostegal rays 
(Fig. 288). The family is represented by Ohondrosteus^ from 
the Lower Lias of Dorset and Leicestershire, and Gyrosteus from 
the Upper Lias of Yorkshire. From an evolutionary point of 
view it is significant that the Chondrosteidae do not make their 
appearance until the Palaeoniscidae are approaching extinction. 

The two remaining families, the Polyodontidae and the 
Acipenseridae, agree in presenting a remarkable leaven of char- 
acters otherwise distinctive of the typical Elasmobranch, asso- 
ciated with certain primitive features which they have doubtless 
inherited from some remote ancestral stock common both to 
existing Elasmobranchs and to the other primary groups of 

1 Traquair, Geol Mag, (8) iv. 1887, p. 248 ; Smith Woodward, Bnt Mus, Cat, 
Foss. Fishes, iii. 1896, p. 23. 
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connected with it a simide hejiatic portal blood system. There 
IS a rC'^piratoiy circulation, the contractile ventral vessel which 
represents th<" heart sending the colourless blood forward to the 
respiratory pharynx to be purified. The body-wall is segmented 
into over fifty myutoines. There are numerous separate nephndia 
which devel<>p from the mesoderm and open into the atrium 
The brain remains undeveloped, being scarcely distinct from the 
spinal cord. There are two pairs of cerebral nerves, and many 
spiiml, in which the dorsal ainl ventral roots or nerves do not 
unite The sense-organs are simple , there are no paired eyes 
and no auditory organs. The sexes are separate , the gonads are 
iuetameric<dly arranged on the body- wall, and have no ducts 
they liurst into the atrium. In the development the segmenta- 
tion is complete, a gastrula is formed by invagination, the 
nervous system is formed from the dorsal epiblast, the noto- 
chord from the hypoblast, and the mesoderm arises from meta- 
meric cuelomic pouches. The body -cavity is an enterocoele. 
Tlie gill-slits are at first perforations of the body-wall opening 
from the pharynx to the exterior, which later become enclosed 
by the development of the atrium 

Anatomy. 

External Characters, — Amphioxus^ is about 1-| to 2j- 
inches in length, slender, somewhat translucent, and pomted at 
both ends (Fig. C9). It lives m shallow water and burrows in 
the sand, head first, with great rapidity. It frequently remains 
with the anterior end protruding from the sand. 'When on the 
surface it lies on one side. It is said to swim freely at night 
The head end is rather the thicker, and the anterior two-thirds 
of the ventral surface are flattened (Fig. 70, A), and may be 
slightly ridged longitudinally. The lateral edges of this fiat 
area project as metapleural folds (Fig. 70, mtpl), vrhich begin 
anteriorly at the edges of the external mouth, and die away in 
the middle line posteriorly behind a median opening, the 
atriopore (Fig. 70, atrj)). From this point a ventral median 
fin {ventf) extends backwards around the pointed posterior end 

^ Althoagh the correct systematic name of the commonest species is BramMo- 
stona lanceolatuyn (Pallas), it is convenient in non -systematic usage to employ 
the term Amphioxus,’' which is in general use in zoological laboratories. 
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Eia 69. — Ampbiozus {Branchiostoma InnceuMtm) in the Pantano at Messina. 
(After Willey.) 


thus constitute a continuous median fold around a great part of 
the animal (Fig. 70, B, and Fig. 71). 



Fig. 70,-^BraYichio8t(ma lanceolatum. A, ventral ; B, si(^ view of the entire animal. 
an, Anns ; atT^, atriopore ; ed/f caudal fin ; ciV, cirri ; dor»./, dorsal fin ; dt^rs.j.Tf 
dorsal fin - rays ; fjm, gonads; 7ntj>l, metaplenre; 7nymn, myomeres; nrJi^ noto- 
chord; or.Iui, oral hoodi vent/, ventral fin; vent/r, ventral fin -rays. {After 
Kirkaldy.) 

The surface is soft all over, there heiug no exoskeleton. 
The epidermis or ectoderm is formed by a single layer of 
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epithelial cells (see Fig. 72, p. 118), some of which hear sensory 
processes, while others have a striated cuticular border. There 
is no general ciliation of the surface in the adult. 

The true mouth is a small pore at the bottom of a large 
vesribule (the stomodaeum), placed at the anterior end of the 


, dorsj^r coel 
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Pig. 71 — Diagram of the auatomy of Amphioxus. A, anterior , B, postenor part 
Anus , atr^ atnum ; ati \ its postenor prolongation , atrp^ atnopore , &/, bram, 
57.eZ, branchial clefts, 5r./, brown funnel, primary, Jyr szp.% secondary 

branchial lamella , br.r 1, pnmary, lyrt % secondary branchial rod , caud f, cautUl 
hn ; cent c, central canal , air, cirri , coel, coelom ; dorsf, dorsal fin , dors dorsal 
fin ray , en coe, cerebral vesicle ; e sp, eye-spot , gon^ gonad . int, intestine , Zr, 
liver, mth, mouth, myom, myotomes , ntJu notochord, nph, nephndia; 
olfactory pit , or f.hd, oral hood , ph^ pharynx , sic, skeleton of oral hood and cirri 
(dotted) , sp cd, spinal cord , vent /, ventral fin ; 'uentfr, ventral fin-ray , velum : 
vZ.Z, velar tentacles. (From Parker and HasweU ) 

ventral surface (Figs. 70 and 71), and formed by the “ oral hood,” 
which may *be a prolongation forwards of the atrial or nieta- 
pleural folds at each side. The edges of the oral hood bear 12 to 
20 pairs of cirri (Fig. 70 , cir) or ciliated tentacles (strengthened 
by skeletal rods), which form a sensory fringe around the open- 
ing. The anus (Figs. 70 and 71, an), is asymmetrical, being 
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placed on the left side of tlie ventral fin, some distance l»eliind 
tlie ntriopore, and not far from the posterior end of the hody. 
The short region behind the anus and surrounded ])y the caudal 
fin may properly be called “tail.” The current of water for 
respiratory and nutritive purposes, and which may cany the ova 
and spermatozoa to the exterior, usually passes in at the moutli 
and out at the atriopore, as in the Tunicata. On occasions, 
however, it is said to be reversed. 

General Structure. — The general plan of organisation of 
the body (see Fig. ^1) is that a longitudinal skeletal axis, the 
notochord (??r7/), separates a dorsal nervous system (sp.ed) from a 
ventral reduced coelom {coel), in which lie the alimentary canal 
(Jnt), the gonads {gon\ and other organs. Thus a transverse 
section of the body (see Fig. 72) shows the typical Chordate 
anangement of parts, and is comparable with a transverse section 
of a tadpole, a young fish, or a larval Ascidian. A x>erihranchial 
(atr) or atrial cavity (which is morphologically a part of the 
external world shut in) lies external to the coelom and body- 
wall around the pharynx and the greater part of the alimentary 
canal, and opens to the exterior by the atriopore. As in the 
Tunicata, the perforations (gill-slits) in the wall of the pharynx 
(It.cT) open into the atrial cavity and so indirectly to the 
exterior. 

Musculature, — The thick body -wall is largely formed by 
muscular tissue metamerically segmented into about 60 myotomes 
(Fig. 71, myom). These muscle-masses, which (as is usual in 
Yertebrata) are thickest dorsally at the sides of the notochord 
and spinal chord (Fig. 72, m), are so arranged as to present the 
appearance in a lateral view of the body of a series of shallow 
cones (« ) fitting into one another and with their apices 
directed forwards- The muscle fibres are striated, and run longi- 
tudinally along the body from the anterior to the posterior edge 
of each myotome, so as to be attached at their ends to the two 
septa of connective tissue which form the boundaries of the 
myotomes. These septa, the myocommas, are conspicuous features 
in the external appearance of the hody (Fig. 70, B). They axe 
not arranged so as to be opposite one another on the two sides, 
but the myotomes on the right and left sides alternate, as can be 
seen in a transverse section (Fig. 74, A, p. 121). It is by 
means of these lateral muscle-bundles that the rapid vibration 
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Fishes, and also with others obviously due to degeneration. The 
most interesting illustration of the first point is to be found in 
the condition of the primitive upper jaw which, especially 
in the Polyodontidae, is typically Elasmobranch in the median 
union of the palato-quadrate bars beneath the basis cranii, but 
Teleostome m the presence of a secondary upper jaw formed by 
two maxillae. Both famihes also agree in possessing an acentrous 
vertebral column which, if it does so far resemble that of Teleo- 
stomes in being potentially arco-centrous, nevertheless has a 
better developed series of distinct inter-dorsal and inter -ventral 
cartilages, regularly alternating with only partially bony basi- 



Fiq. 288. — Lateral view of a restored skull and pectoral girdle of Qhondrosteus ac/ipen- 
seroides. a, Angular ; hr, kranchiostegal rays ; c h, cerato-hyal ; h.m, hyomandi- 
bular ; 3, jugal , pf, post-frontal , s op, suboperculum ; s t, supra-temporal , other 
reference letters as in Fig 284. (After Traquair.) 

dorsals and basi-ventrals, than is to be met with in any other adult 
Fishes except Elasmobranchs. Primitive features are apparent 
in the presence of spiracles, sometimes associated with pseudo- 
branchs ; the presence in one family (Acipensendae) of a 
hyoidean hemibranch supplied with blood dnrectly from the 
ventral aorta, and the existence of a multi-valvular conus 
arteriosus and an intestinal spiral valve. Finally, the massive 
growth of the chondrocranium wholly devoid of cartilage bones, 
except in so far as they may be represented by splint-like 
membrane bones, the fragmentation of the investing dermal 
bones, the degeneration of the opercular skeleton and the loss of 
branchiostegal rays, and the almost complete disappearance of 
the primitive rhombic squamation, are probably to be regarded 
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01 alternate bending of the kidy from side to side in swiininiinr 
or buirowmg can be performed Theie are usually, on each side, 



Fig, 72 . — Branchiostoina lanredatum. Diagrammatic transverse section of the pharjn- 
geal region, passing on the nght through a primary, on the left through a secondary 
branchial lamella, on, Dorsal aorta , < , dermis , ct, endostylar portion of coelom 
fan-ia, or imesting lajei of mjotomej^A, compartment containing fin-ray , 
gonad ; f//, glomerulus , branchial artery , kd^ pharjnv ; Id^ combined atnal and 
cotlomic wall (ligamentum denticulatum) ; w#, myotome , mt, transverse muscle , 
//, nephridmm ; n rh, notochord ; of, metapleural lymph space ; jp, atnum ; at, 
coelom ; vi, ventral aorta ; bh, sheath of notochord and sjnnal cord (sj?,cd) , ?// 
spaces in ventral wall (Fiom Korsehelt and Heider, after Boven and Hatschek ) 

:}5 layotomes in front of the atriopore, 14 between the atriopore 
and the anus, and 11 postanal, making 60 in all: some species 
h4ve only about 50 myotomes, and some as many as 85. (See 
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as the oiitcome of a long-continued career of degeneration from 
some remote Palaeoniscid ancestor. 

Fam. 6. Polyodontidae. — The Polyodontidae are more 
generalised, and 111 some features decidedly more Selachioid 
than the Aeipenseridae. Body fusiform and apparently scaleless, 
hut the ])nuiitive squamation is still represented by isolated 
vestigial scales imbedded in the otherwise soft sVm^ and by a 
continuous senes of rhombic scales on the upper caudal lobe, 
which also has a dorsal fringe of large fulcra.^ Eostrum excep- 
tionally lung, spatulate or somewhat conical, with a rigid axis 
and thinner and more flexible margins. Barbels absent. Mouth 
wide, not spout-like. Pectoral fins devoid of spmes. Two pairs 
of membrane-closed vacuities separate the paired dermal bones of 
the cranial roof (possibly parietals and frontals) from the more 



Fio 289. — Polj/odonfoliim, a, Anus , fulcra , w, nostnls ; op, operculum , 
5 C, rhombic scales on the upper caudal lobe , left spiracle 


laterally-placed post-temporals and sqnamosals, and there are no 
median plates posterior to the orbits, nor any representatives of 
supra-temporals. A feeble snbopercnlum is retained in addition 
to a small rayed operculum. Hyoidean hemibranch completely sup- 
pressed. Two genera only are known, each with a single species* 
The Paddle-Fish or Spoon-Bill, Pol^odon folium (Fig, 2 S 9 ) 
inhabits the rivers of the Southern States of Korth America, the 
Mississippi, Ohio, and Missouri, and their numerous tributary 
rivers and streams. A Fish of sluggish habits, Folyodon feeds 
chiefly on mud and the minute organisms it contains, the excep- 
tionally long gill-rakers probably forming an efB.cient filter to 
prevent the food particles escaping through the gill-clefts with 
the expiratory water current. The singular rostrum is appar- 
ently used for stirring up the mud when feeding, but in view of 
the muddy waters the Fish frequents, and the very small size of 

1 Jordan and Bvermann, ‘‘Bsbes of North and Middle America, ” Bull, US, 
Mt, Muz, No. 47, Pt. i. 1896, p. 101. 
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the eyes, its value as a tactile organ must not be overlooked. 
Polyodo% may attain a length of 5 to 6 feet. The time of 
spawning varies, according to locality, from March to June. 
Nothing is known of the development of Polyodon, Young less 
than 6 to 8 inches in length are unknown, and specimens of this 
size are very rarely seen. The jaws are furnished with minute teeth 
until the Fish is about half-grown, when they become edentalous. 
Caviare is made from the eggs, and the centres at which this 
industry is carried on are chiefly situated along the course of the 
Mississippi The second species, Pse;phurus gladius, inhabits the 
Yang-tse-Kiang and Hoangho rivers of China, and differs from 
Polyodon in the conical shape of its rostrum and the smaller 
number and larger size of its fulcra. Psephurus is stated to 
reach a length of 20 feet. The family is represented in the 
Eocene of Wyoming by the genus Crossopholis, which is note- 
worthy for the retention of trunk scales in the form of small, 
somewhat quadrate denticulated discs, arranged in oblique rows. 

Fam. 7. Acipenseridae. — In the Sturgeon family the body 
is elongate, cylindrical, and somewhat bulky. Eostrum well 
developed and often massive, with a transverse row of simple or 
branched preoral barbels on its ventral surface. Mouth small and 
remarkably protru^ible. Jaws devoid of teeth except in the larvae. 
As in the preceding family, the primitive rhombic squamation 
is confined to the upper lobe of the tail, which, hke the dorsal 
and anal fins, is furnished with fulcra. Elsewhere the scales are 
represented by five longitudinal rows of large bony scutes and 
by intervening small scattered ossifications. The anterior dermal 
ray of the pectoral fin is stout and spine-like. The dermal 
bones of the cranial roof suturally articulate with one another 
to form a continuous shield, uninterrupted by lateral vacuities. 
A median dermal bone in the occipital region transmits the 
occipital sensory canal. The opercular series is represented only 
by an opercular bone. 

The family includes but two genera, Acipenser (Eig. 290) and 
ScaphirhyncJius, and about twenty species, confined to the seas, 
estuaries, and rivers of the temperate and north temperate regions 
of the northern hemisphere. Acipenser includes the more typical 
Sturgeons, and is distinguished by the presence of spiracles, and 
by the fact that the longitudinal rows of scutes remain distinct 
to the base of the caudal fin. There are probably about fifteen 




Clti&sijScation, p. 137, where a list of the species with the number 
of myotomes in each is given ) 

There are also transverse muscles (Pig. 72, extending 
across the ventral surface in tlie region of the body enclosed by 
the iiietapleural folds, and serving to compress the atrial cavity, 
and so aid in the expulsion of its contents. 

Outside the muscular layer of the body-wall the thin in- 
tegument is formed of a dermal layer of soft connective tissue, 
covered by the epidermis, a single layer of columnar cells, many 
of which, especially on the oral cirri, have sensory bristles. 

Skeleton. — The endoskeleton consists of the notochord and 
some tracts of modified connective tissue which support vanous 
parts of the body. 

The notochord of this animal is noteworthy amongst Chordata 
for extending practically the entire length of the body, including 
the head, from snout to tip of tail (Pig. 71). It lies in the 
median plane, but nearer the dorsal than the ventral surface 
(Fig. 72), and has the myotomes at its sides, the nervous system 
above and the alimentary canal below. It is eUiptieal in 
section, and tapers to the two ends. The nuclei of the original 
notochordal cells are displaced to the dorsal and ventral edges. 


and the greater parts of the 
cells, in the adult, are occu- 

pied by large vacuoles filled iW I Aj / | y (( ) \] 

with a fluid secretion, so as IT |/Wl 1 \ j 

to form by their distended | |\f\J\\w| I / 

condition a stiff elastic struc- 1 1 A | jj If \\^ i ( 

ture. This state of the cells, I J f J | \ 

and the appearance it gives 

rise to (Pig. 73), seen best 7 *T . i 

ii=so_ uu Q /, ^ PiQ. 73. —Median sagittal seebon of notochord 

in young specimens, is very of aa Amphioxua ot 32 mm 

characteristic of notochordal 

tissue. Around the notochord hes a sheath of connective tissue 
which is continuous with the similar sheath around the nervous 


system and with the septa between the myotomes. 

In addition to these skeletal layers of connective tissue there 
is a cartilage-like tract in the oral hood. This is jointed, or 
made up of separate rod-like pieces, one at the base of each 
cirrus, into which it sends a prolongation (Pig. 71, s*). The 
dorsal and ventral fins are supported by single and double rows 
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respectively of what have been called fin-rays.” They are short 
rods of gelatinous connective tissue, each enclosec’ in a lymph 
space. Finally, the bars constituting the walls Ox the pharynx 
between the gill-slits contain slender skeletal rods which run 
obliquely dorso-ventrally, and are of a stiff, gelatinous nature (see 
Fig. 75, p. 122). This skeletal connective tissm* • 'insists in all 
cases of a fibrous deposit or matrix produced by the layer of 
epithelium (ectodermal, endodermal, or mesodermal) which adjoins 
the tissue. 

Alimentary Canal. — This has, as its most noteworthy feature 
the Chordate characteristic that the pharynx gives rise to the 
respiratory organ (see Figs. 71 and 74, A) ; and in size and pro- 
minence, both in side view and in sections, the modified pharynx 
of Amphioxus is fairly comparable with the branchial sac 
(pharynx) of many Tunicata (see Fig. 23, p. 51), and might be 
called by the same name. 

The small primitive mouth, at the bottom of the cavity 
bounded by the oral hood (stomodaeum), has a membranous 
border, the velum (Fig. 71, t1\ the edges of which are prolonged 
into a circle of 1 0 or 1 2 (up to 1 6 in some species) simple oral 
tentacles turned inwards towards the pharynx (compare tentacles 
of Ascidians, p. 45). 

The pharynx, by far the largest part of the alimentary canal, 
and extending nearly half-way along the body, is more important 
as a respiratory than as a nutritive organ. Its walls over nearly 
the whole extent are perforated by a large, and indefinite, 
number (100 or more on each side) of gill-slits which run on 
the whole dorso-veutrally, hut in the contracted condition seen 
in preserved specimens have their lower ends directed obliquely 
backwards, so that a vertical transverse section may cut through 
a number of such slits and the intervening branchial bars (Fig. 
74, A, Jch), These bars, and therefore the slits between them, 
are of two orders, primary and secondary, the latter being devel- 
oped later in larval life as downgrowths or tongue-bars,” one 
from the top of each primary gill-slit, so as to di\ide it into 
two secondaries. The primary and the secondary (or tongue-) 
bars can he distinguished from one another by their structure k I 
the adult animal (Fig. 75, A and B). ' 

It must be remembered that these branchial bars, or sept^ 
between the gill-slits, are not merely portions of the wall of tie 
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phtin’ux, but are in a sense portions of tlie liody-will ns well, 
and correspond in nature, though not in numlier, to the \i.«cer.il 
arches in a Vertebrate lying between the viscer.d clefts which 
open on the exterior. In the adult Ainjihioxus the clefts in 
the wall of the pharynx do not oi>en directly to the exterior, 
but into the peribranchial cavity or atrium, which, however, is 
only formed at a late larval period as an invagination or enclosure 



Fig. 74 . — Branchiostovia lancedlatum A, transverse section of pharyngeal region. 
a. Dorsal aorta , 6, atnum ; c, notochord , co, coelom ; c, endostyle ; //, gonad 
(ovary), kh, branchial septa; kd^ pharynx; i, liver; mjotome ; Vi, neph* 
ndium , r, spinal cord , sn, dorsal and ventral spinal nerves. B, Transverse 
section of the intestinal region atr, Atnum ; cudy coelom ; f/.wo, dorsal aorta ; 
inU intestine ; mymn, myotome , nch, notochord , nnt, spinal cord ; a./wf.r, sub- 
intestinal vein. (From Parker and Haswell’s Zmloqy, A From Hertwig, after 
Lankester and Boven , B, partly after Rolph.) 


of ectoderm. Previous to that the first formed gill-slits opened 
to the exterior in Amphioxus (see larva, Pig. 86, p, 134), just as 
they do in a fish or a young tadpole. The atnal cavity is there- 
fore, from its origin, lined by ectoderm, and the outer surface of 
a branchial bar is virtually a part of the outer surface of the 
body. It IS only natural then to find that each bar contains a 
small section of the coelom in its interior, communicating dorsally 
and ventrally with other parts of that cavity (see Pigs. 75 and 
76). There are also blood-vessels which run in the branchial 
bars and their junctions. The greater part of the epithelium 
covering a branchial bar is pharyngeal epithelium or endodenu 
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(Fig. 75, Ir.exi), but the external, wider, non-ciliated cells (Fio*. 

are ectodermal cells lining the atrium. The gelatinous 
skeletal rods in the primary bars are forked ventrally, while those 
in the secondary bars are siini)le ; and there are other points of de- 
tail in which the two kinds of bar differ. These bars are obviously 
more numerous in the adult than the inyotomes, but in the 


B 


young larva the first formed gill-clefts are metamerically arranged, 

and then later they 
increase greatly in 
number. It is ihe 
cilia covering the 
pharyngeal epithe- 
lium on the branchial 
bars, possibly aided 
by the ciliated tracts 
of the oi'al hood, 
which cause the cur- 
rent of vrater already 
alluded to. 

Transverse bran- 
chial junctions (syn- 
apticula) run across 
the branchial bars, 
connecting them at 
frequent intervals, 
and these transverse 
connexions, like the 
branchial bars, are 
supported by skeletal 
the ventral median line of the pharynx runs a 
groove, the endostyle or hypopharyngeal groove, comparable 
with the similar structure in the branchial sac of Tunicata. 
This longitudinal groove (Fig. 7 6, gl) is lined by ciliated epithe- 
lium containing four tracts of gland cells (compare endostyle 
in Ascidians, Fig. 20, p. 46). There is reason to believe 
that this organ is the homologue of the thyroid gland of Verte- 
brata. As in the case of Tunicata the endostyle secretes mucus, 
which is carried forwards by the cilia to constitute a train with 
entangled food particles which pass back dor sally to the stomadtu 
At the anterior end the ciliated lips of the endostyle diverge to 



Fig. 75. — Transverse sections through, primary (A) and 
secondary (B) hrauchial bars of Amphioxus. aUep, 
Atrial epithelium ; hLs, blood spaces or “ vessels ” ; 
hr.ep^ branchial epithelium ; cod, coelomic cavity in 
primal y bar ; skeletal rods. (From Willey, after 

Benhain.) 


rods. Along 
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the n"ht and left to encircle the front of the pharynx as the 
enpharyngeal bands. These unite again dorsally to form the 
epipharyngeal (or hypeipharyugeal) groove which leads backwards, 
f oiresponchng to the hypopharyngeal groove below (see Fig. 74, A), 
till the posterior end of the pharynx is reached 

The remainder of the simple alimentaiy canal is straight, and 
IS scarcely diffeientiated into regions. A slight narrowing of the 
tube behind the pharynx has been called the oesophagus, and a 


^ 76 — Transverse sec 
tion of the ventral 
part of the pharynx 
ot Amphioxus c, 
Coelom , e, endost>le , 
cnclost^ lar glands , 
m h median hian- 
chial artery , p 
primary bar , sk^ cu- 
dost>lar and branchial 
rods and skeletal 
plates , 1 6, tongne- 

bar (After Lankes- 
tei ) 


slight enlargement which follows, the stomach. From this point 
the intestine tapers backwards to the anus (Fig. 71, p. 116) The 
\entral edge of the stomach gives off a blind pouch, the hepatic 
caecum or saccular liver, which runs forwards on the right-hand 
side of the phar/nx (Fig. 74, A, 1 ), This is a digestive gland, is 
lined with glandular epithelium, and appaiently corresponds with 
the hver of Vertebrata. Theie are no other digestive glands in 
connexion with the alimentary canal of Amphioxus. 

Coelom. — In the young larva there egre at first (as in Balano- 
glossus) five coelomic spaces, a median anterior “ head-cavity,” a 
pair of antero-lateral collar-cavities,” and a pair of more posterior 
long lateral grooves from which aiise, in the later larva, the seg- 
mented myotomes and ventrally a large coelomic space surrounding 
the alimentary canal and separating it from the body-wall. In the 
adult animal, however, the coelom has been so much displaced by 
the formation of the spacious atrium that in front of the atriopoxe 
It can only be recognised as a senes of canals and crevices. The 
lelations of coelom to atrium in the region of the intestine are 
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seen in Tig. 74, B, and in the region of the pharynx in 'Ficr, 74 
A. Fig. 72 shows the distrilDution of the spaces more in detail 
(see also Fig. 71). Beginning anteriorly, along the dorsal sur. 
face of the pharynx and beneath the notochord run a pair of 
dorsal coeloniic canals, one at each side of the epipharyngeal 
groove; these give off ventral diverticula which pass down 
the primary branchial bars of the pharyngeal wall and unite 
ventrally in a median tube, the endostylar coelom (see Fig. 72, ec) 
At the posterior end of the pharynx these dorsal and ventral 
canals unite in a narrow coelomic space encircling the stomach 
inside the wall of the atrium, and sending an extension forwards 
around the liver (Fig. 74, A, 1). In the region of the intestine, 
behind the atriopore, the coelom is allowed to expand to its 
primitive condition on the left-hand side (Fig. 74, B), but is 
still reduced on the right side, where there is a prolongation of 
the atrial cavity reaching nearly to the anus. All these coelomic 
spaces are lined by a coelomic epithelium. 

The Blood System of Amphioxus, although as simple as that 
of a Chaetopod worm, is undoubtedly laid down on the Vertebrate 
plan — even though there is no distinct heart and the vessels are 
few and of simple structure. Capillary networks are formed in 
some places, but the colourless blood also extends into many 
lacunae or lymph spaces, such as those around the fin-rays and 
in the metapleura. As in a typical lower Vertebrate, there is a 
contractile ventral vessel (the ventral or branchial aorta, Fig. 77 
v.ao) running forwards under the alimentary canal to the pharynx, 
and giving off on each side afferent branchial vessels, which pass 
up the primary branchial bars and give off branches joining the 
vessels in the secondary bars. These latter do not communicate 
directly with the ventral aorta, but the vessels in all the branchial 
bars open dorsally by efferent branchial vessels into the paired 
dorsal aortae (Fig. 77, dao), which run backwards along the top 
of the pharynx, one at each side of the epipharyngeal groove. 
In the vessels of the branchial bars and their connectives the 
blood is aerated by the current of water passing through the 
gill-slits, and so reaches the dorsal aortae in a purified condition. 
The right-hand dorsal aorta is continued forward further into 
the snout than its fellow of the other side, and is dilated at 
its extremity (Fig. 77). At the posterior end of the pharynx 
the paired dorsal aortae unite to form the median dorsal aorta 
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which runs backwards, lying between notochord and alimentary 
can'll This vessel gives off branches to the wall of the intestine, 
air these break up into capillary networks (Fig. 77, cji), from 
which the blood is collected by the median sub-intestinal vein. 
This then flows forwards to pass by the hepatic portal vein to 
the ventral edge of the saccular liver, in the wall of which it 
is distributed in a capillary network. The blood is collected 
on the dorsal edge of the liver by the hepatic vein, which 
rims posteriorly and then turns downwards and forwards to 



Fig. 77.— Diagram of the vascular system of Aniphioxiis. afJbrM, AfTerent branchial 
' artenes ; afJbr,a\ similar vessels of the secondary (tongue) bars ; hr.cl, gill-slits ; 
cpi intestinal capillaries j d.ao, paired dorsal aortae ; cLao\ median dorsal aorta j 
f/.5r.a, efferent branchial arteries ; hep.portv, hepatic portal vein ; Jiep.% hepatic 
vein; int, intestine; Ir, liver; pK pharynx; s.int.v^ sub -intestinal vein; -r.wo, 
ventral aorta. (From Parker and Haswell.) 

become continuous with die posterior end of the ventral aorta 
or “ heart ” 

It is clear that this course of the circulation agrees with that 
of a typical lower Vertebrate in all essential points: — (1) in 
having the main artery a dorsal aorta in which the blood flows 
backwards; (2) in having a ventral vessel representing the heart, 
and sending impure blood forwards to the respiratory region of 
the alimentary canal to be aerated; and (3) in having a hepatic 
portal system consisting of the capillaries of the liver, through 
which the blood from the intestinal wall has to pass before reach- 
ing the ventral vessel (heart). 

Eenal Excretory functions have been attributed to various 
organs in Amphioxus, and it is quite possible that, in addition to 
the true nephridia which are now known, other tracts of tissue 
in the body may be able to eliminate nitrogenous waste matters. 
Such are certain clumps of columnar epithelial cells on the floor 
of the atrium, and the single pair of large brown atrio-coelomic 
funnels lying on the dorsal edge of the posterior end of the 
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pharynx (Fig. 71, 5r/). There are, however, a large mmh&x 
(about 100 pairs) of minute nephriclia, discovered (1890) by 
Weiss and by Boveii independently, lying at the sides of the 
dorsal coelomic canals above the pharynx, which must be regarded 
as the chief functional renal organs. These are bent tubules 
partly glandular and partly ciliated, each giving off several caeca! 



Pig. 7S . — Branchiostoma lanceolatum. A nephridmm of fhe left side witli part of the 
wall of the pharynx, as seen alive, highly magnified. (From Willey, after Boven) 

knobs (at first supposed to be open nephrostomes, one shown at 
each end of the tubule and three along its upper surface in Pig 
78), which project into the coelom, and opening by one nephridio- 
pore (on the lower surface, and opposite a tongue bar of the 
pharynx) into the atrial cavity. The knobs, or closed nephro- 
stomes, are surrounded by peculiar, slender, club-shaped tubular 
and flagellated cells — which Goodrich ^ has shown to correspond 
to the solenocytes ” in the nephridia of Polychaete4*fmn3QS 
(see Fig. 79). 

1 Quoit. Journ. Micr. Sci. xlv. Maicl^ 1^09 493. 
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The Central Nervous System is dorsal and tubular as in 
■Vertebrates, and lies in a connective-tissue sheath immediately 
above the notochord (Figs. 71, etc., and 80, A). Posteriorly it 
tapers to a fine point a little in front of the end of the noto- 
chord, but anteriorly it ends abruptly some distance behind the 
anterior extremity of the notochord. The central canal is 
connected with the dorsal surface by a median longitudinal 
cleft (Fb. 80, C), and at the anterior end it dilates to form the 
cerebral vesicle (c.v) with which two simple sense-organs, an eye- 
spot (e) and an olfactory pit ( 0 ^), are connected. A patch of 
ciliated epithelium in the floor of the vesicle has been described 

Fig. 79. — Nephridia. A, por- 
tioii of a nephncliuni of 
Phj/lludocc’i a marine Poly- 
cliaete, for coniparisou 
with B, portion of a 
nephridium of Amphioxus. 
These figures show the 
solenocytes w’ith their 
fiagella projecting through 
the long tubes into tlie 
lumen of the excretory 
organ, and demonstrate 
the essentii'il similarity of 
the nephridia of Am- 
phioxus with those of 
Polyebaete worms (after 
Goodrich). 


as an infundibular - organ/' There is also a surface dilata- 
tion of the dorsal cleft behind the cerebral vesicle {dil). The 
nervous’ system as far back as this point may be regarded 
as the brain, though scarcely distinguishable externally (Figs. 
VI and 80, A) from the spinal chord behind. From this 
brain " arise two pairs of " cranial ” nerves, the first (L) from 
the anterior end, and the second (II.) from the dorsal surface of 
the cerebral vesicle ; both are in front of the first myotomes of 
the body, and supply the pre-oral snout with nerves. 

The spinal cord gives off a large number of spinal nerves 
segmentally arranged, but, like the myotomes, not opposite and 
symiftokical on the two sides, but placed alternately (Fig. 81). 
Moreover, the spinal nerves arise on each side at two levels, 
there being a more dorsal series each arising by a single root and 




128 


CErHALOCHORDATA 


CHAP. 


supplying the integument as well as the transverse muscles, 5,0 
as to he sensory as well as motor, and a ventral series arianrf 
each by a number of roots (Fig. 81) and whoUy motor in 
function, as they supply only the myotomes. These two senes 
may be compared to the dorsal and ventral roots which in the 
Vertebiata join to form a mixed spinal nerve. 

In addition to ordinary small nerve cells the central nervous 
system contains certain large nerve cells with very long processes 



Fig. 80 — BiarwhioUo^m lanoeolatiun. A, brain and ceiebial nerves of a young speci 
men ; B, transverse section throiigb neuropore ; C, behind cerebral vesicle ; D 
through dorsal dilatation, ch. Notochord ; cv, cerebral vesicle ; dilj dorsal dila- 
tation ; e, , eye-spot ; neuropore ; olf, olfactory pit ; I and II, cranial nenes 
(From Willey, alter Hatschek.) 

the giant fibres/’ which extend through the greater part of the 
length of the spinal cord. No trace of a sympathetic nervous 
system has been found. 

The Sense-Organs connected with the nervous system are 
few and simple. There are sensory cells in the ectoderm, on the 
margin of the velum, on the velar tentacles, and especially in 
clumx^s on papillae of the cirri aiound the mouth, which aie 
probably tactile. In the roof of the oral hood there is a sensory 
structure, the "" groove of Hatschek,” which is supposed to be an 
organ of taste. The olfactory pit alluded to above opens ex- 
ternally on the left-hand side of the snout. It is ciliated 
internally and leads to the so-called olfactory lobe, an antero 
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dorsal hollow outgrowth from the brain. In the young animal 
the olfactory pit opens by the neuropore into the central canal 
(Fig. 80, A), but that passage is closed in the adult. Possildy 
the olfactory pit is homologous with the hypophysis or pituitary 
body of Vertebrates, the homologue of which in Tunieata has a 
ciliated funnel. Finally, the median cere- 
bral eye (Figs. 80 and 81) is a mere pigment 
spot in the anterior wall of the cerebral 
vesicle, and a series of somewhat similar 
pigment spots occurs along the floor of the 
central canal in the spinal cord.^ There is 
no known auditory organ. On the under 
surface of the oral hood patches of ciliated 
epithelium drawn out into rounded lobes 
were called by J ohannes Muller the Eader- 
organ.” This is probably of use in drawing 
water inwards to the pharynx, but it may 
also be a sense-organ. 

The Gonads are segmentally arranged 
along the sides of the body, projecting into 
the atrial cavity at the sides of the pharynx 
and intestine. In some species the gonads 
are paired, but in others belonging to the 
genus Asymmetron (p. 137) only a single 
series, that of the right side, is present. In 
the common Amphioxus {Bm'mJiiostoma 
lanceolaturri) there are about 26 pairs (Fig. 70, 

B), lying in somites 25 to 51, and ovaries 
and testes are found in separate individuals 
in aU other respects. Each gonad is sur- 
rounded by a layer of coelomic epithelium. 

The gonad must therefore be regarded as hav- 
ing grown down from a myotome of the body- 
wall into a coelomic pouch, carrying before it the coelomic and 
then the atrial epithehum (Figs. 7 2, and 7 4, A, g). Ev^tually the 
gonads, when ripe, burst through the layers of epitheKum, and 
the ova and sperms are shed into the atrium and escape to the 
exterior by the atriopore, or it may be in some cases by the mouth. 


Pig. 81 . — Bmutclk mfmna 
lauceoJatuin, Anterior 
portion of cdutnil nerr- 
ons Bybtem from above, 
sbowing dorsal and 
ventral spinal nerv€«». 
(Prom Willey, after 
Schneider.) 


^ The cerebral eye and the pigment spots of the spinal cord are especially 
prominent in the oceanic species Orilnther. 

TOL. YH K 
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EMBRYOLOG-i AND LlFE-HlSTORl 

Development takes place in the sea-watei vrlieie the egg is 
fertilised — apparently always about sunset, the embi}onic stages 
being passed through during the night, and the lai\a hatched iii 
the eaily morning. 

The egg is small (0 105 mm in diametei when shed) and 
contains very httle food-yolk Segmentation is complete (lig 
82, A), IS nearly regular, and results in the formation of a hollow 



Tig 82 — Stages in the segmentation of Ampliiozns A represents the eight celled stage 
B, the sixteen celled , D vertical section of C F, vertical section of the blasto 
sphere or blastula stage (E) (From Koischelt and Heider, after Hatscheh ) 


hlastosphere (Fig 82, E, F), the wall of which is one cell thick 
The lower cells (Fig 82, B, C, D) aie slightly laiger than the 
upper Invagination of the lower cells then takes place (Fig 83, 
A), resulting m the suppression of the blastocoele or segmentation 
cavity and the formation of an archenteron, at fust shallow and 
opening widely to the exterior (Fig 83, B), and then deeper and 
with the opening narrowed to a small posterior blastopore (Fig 
83, C). This ''gastrula” stage differs from the blastospheie in 
having a mouth or blastopore, and in being two cell-layers thick 
— epiblasr (ectoderm) on the outside and hypoblast (endoderm) 
within It soon shows the future aspects of the body by its 
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elongal/lou and shape (hig. 8i), (*), as the doi'sal surface becomes 
ilat and the ventral eoiu’ex, while the blastopore is at the 
posterior end of the dorsid surface. The blastopore soon closes, 
and the mouth and anus are formed independently later. 

The epihla.st cells become ciliated all over the surface, 
so that the embryo rotates within the thin covering which still 
surrounds it. And now all the chief systems of the body begin 
to bo marked out. The tubular nervous system develops from 
A B 



C 



Fia 83 — Three stages in the formation of the gastmla of Amphiozns In A the nuclei 
of the endoderm have been omitted ; C has the dorsal surface uppermost, and the 
posterior end to the right. (From Korschelt and'Heider, after Hatschek ) 


a depression of the epiblast (the medullary plate) in the middle 
line of the flattened dorsal surface (Fig. 84, A, The edges 
of the depressed areo. grow inwards and unite over the deeper 
layer of epiblast, which becomes the wall of the neural canal or 
embryonic nervous system (Fig. 84, D, r6) ; and further bach 
these edges of the medullary plate join one another behind the 
blastopore, so that the latter comes to open into the floor of the 
neural canal, thus forming the neurenteric canal (Fig. 85, A, 
cn). Anteriorly the neural canal {n) opens to the exterior for 
some time by the neuropore. 

The hypoblastio walls of the archenteron give off a long 
median dorsal groove which becomes the notochord (Fig. 84, 
C and D, ch ) ; and also an anterior pouch and certain lateral pairs 
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of diverticula which aiv. tlie, euUT(H*uolcs or cotdoniic poucl 
and give rise to the mesohlastic somites (Fig. 84, I> and n 
The notochord (Fig. 84, 1), ch) is at tirst a. longiliulinal cellv 
ridge, which becomes segmented otf Irom the hy]>o]dast as a 
lying below the neural canal. It is si^en in various stages 



Fia. 84. — Four stages in the development of the notochord, nervous syntcui, and m 
derm of Amphioxus. ak, Ectoderm ; notochord ; cavity of arctcntui 
hb, ridge of ectoderm growing over medullary plate ; /A', ondoclerm ; M, roeli 
mk, coelomic pouch ; parietal layer of inosfKUTm ; w/A*-. vis<itTal layer ; 
niodullaa-y plate; 7i, ueural canal; m.v, protovertchra. (From Kor«(!helt 
Holder, after Hatschek.) 

development in Figs. 84 and 86, loading to the vueunlaU-d o 
dition of the adult. 

The coelomic pouches are five in numhci’ — (I) <mo tnedi 
anterior, which gives rise to the two head cavities, tint left-hand < 
of which opens to the exterior by means of the. pre-oral i>it ; 
a pair of small lateral pouches, placed anteriorly and dorsfilly, wh 
do not divide but give rise to the first i^air of inyotomes only s 
their outgrowths which extend back into the metapleural fol 
where, however, they are later replaced by lymph .spaces ; a 
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(3) a second pair of diverticula, more posteriorly placed, which 
continue to grow back towards the blastopore, and have paired 
niesoblastic somites, the cavities in which are the beginnings of the 
coelom 111 the body, constricted off from them successively from 
before backwards (Fig. 85, A, ush) to form all the remaining 
iiiyotomes.^ This is the first sign of segmentation in the animal, 
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Fig. 85. — Embryo of Ampbioxus. A, m vertical section, slightly to the left of the 
middle line. B, in horizontal section, aA, Ectoderm ; cn, neurentenc canal ; dk 
and ud^ archenteron ; ik^ endoderm ; mk, mesodermal folds ; medullary canal , 
fiist coelomic pouch ; coelomic cavity , V, anterior, if, postenor, end, 
(From Korschelt and Heider, after Hatschek.) 

and at this stage, when it has about five pairs of mesoblastic 
somites, it breaks out of its covering and becomes a free-swimming 
larva. 

The mouth now appears, and soon grows to a large opening 
on the left side of the now pointed anterior end (Fig. 86, A, m), 
and the first gill-slit (Jcs) forms as a direct communication from the 
front of the mesenteron (pharynx) to the exterior. It is ventral 
at first, and then shifts over to the right side. 

The anus forms posteriorly, and the neurenteric canal closes 

^ The mesoblastic somites in Figs. 84 and 85 are all derivatives of the larger 
postenor paii: of coelomic pouches, the smaller more anterior ones not being shown 
For further details in regard to the coelomic pouches see MacBnde, Quart Journ, 
Micr, Sci, xliii. p, 351, 1900. 
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species, but the exact number is uncertain. Sturgeons are abundant 
in the Black Sea, the Sea of Azov, the Caspian, and their tribu- 
tary rivers, notably the Danube, Don, Dnieper, Ural, and Yolga. 
They are also present in the rivers and on the coasts of ITorthern 
Europe and of China. Five species occur in North America, on 
the Atlantic and Pacific coasts, and in the rivers of these regions 
as well as in the Great Lakes.^ One or two species are almost 
exclusively fresh-water, but most Sturgeons are migratory Fishes, 
living in the sea, but ascending rivers for spawning. Their food 
consists of worms, molluscs, the smaller Fishes and aquatic 
plants ; and in feeding the mouth is protruded downwards in 
the form of a cylindrical, spout-like structure and thrust into the 
mud. The only species certainly known to frequent the British 



Fig. 290. — The Sterlet {Aoijpms&r ruthenus). o, Barbels ; c/, caudal fiu ; df^ dorsal 
fin ; pctfj pectoral fin ; pv.fi pelvic fin ; sc, scutes ; v.f, ventral or anal fin. (From 
Parker and Haswell, after Cuvier ) 


coasts is the common Sturgeon (A. sturio), which is also found 
in the Black Sea and the Mediterranean, and is abundant on the 
Atlantic coast of North America from Maine to South Carolina. 
The species occurs all round our coasts, more plentifully, perhaps, 
on the northern and eastern shores. In the spring and summer 
the Fish ascends the rivers, often to a considerable distance. Its 
presence has been recorded in the Severn, near Shrewsbury ; in 
the Trent at Nottingham, and also, but not in recent years, in 
the Thames above London Bridge.^ In this country the species 
is a Eoyal Fish,'* and by an unrepealed Act of Edward II. it is 
enacted that “ the King shall have the wreck of the sea through- 
out the realm, Whales and Great Sturgeons, except in certain 
places privileged by the King.” ^ If not so large as some of its 
Eussian relatives, A. sturio often attains a great size. Even on 

^ Jordan and Evermann, op. cit. p. 102. 

® Day, Fishes of Great Britain and Ireland, ii. 1880-84, p. 282. 

* Id., op. eit. p. 279. 
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our own coasts the capture of individuals 8 to 10 feet in length 
has been recorded. The great Eussian Sturgeon (A, huso), which 
IS common in the Black Sea, the Sea of Azov and the Caspian, 
and in the rivers flowing into them, is the largest of all the 
Sturgeons, individuals weighing 2760 and 3200 pounds having 
been captured. The Sterlet (A. ruthenus), similarly distributed 
and often ascending the Danube to Vienna, is much smaller, 
rarely exceeding a length of three feet. 

In Europe A, sturio spawns about July, but in North 
America (Delaware river) during May. Small in size, the eggs 
are produced in enormous numbers, a single female, it is said, 
producing about 3,000,000 in one season. They are invested 
by a gelatinous sheath, so that they readily stick to one another 
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Fig. 291 — Larval Ac\]^ens&r ruthenus a, Anus; h, Larbels , e, eye, g, gills, tti, 
moutli, -witli teeth , ol o, olfactory organ , op, opeiculum , ptf, pectoral hn , sp, 
spiracle, x 10. (From Kitchen Parker.) 

or to other objects, and, when deposited, they adhere in streaks 
or sheet-like masses to the bed of the river. The young are 
hatched very early, about the third or fourth day in A. sturio, 
and in the Sterlet between the ninth and twelfth, the length of 
the larva then varying from 7 to 10 mm. When they are a few 
days old the larvae closely resemble those of existing Holostei 
except that the smaE opercular folds leave the gills freely ex- 
posed (Fig. 291). A shallow pigmented groove in front of the 
mouth apparently represents the sucker of the young Amia and 
Lejpidosteus, Although toothless in the adult, both the Sturgeon 
and Sterlet possess vestigial rudimentary, uncalcified, larval teeth, 
which in shape resemble the teeth of a Dog-Fish, consisting of a 
broad base and a sharp spine. 

The Sturgeon is a Fish of considerable economic importanca 
The flesh is an article of food, and from the ovaries of certain 
Eussian and American species thousands of hundredweights of 
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up. A <lepiesvinn (»ii the tiooi of the enteroii close to the mouth 



hr. joung Una of Amphioxu^. B, anterior end enlarged, c, Proaisiondl 

t 111 fan ; rA, iiotcvliord ; oi, nenrenteric canal ; d, enteron ; h, coelom of snout ; /, 
club->haped ^dnnd; V ita external aperture; K&, first gill-sht; moutli ; ?/</, 
Titrvv-tulie ; npf iieuroi>ore ; st. sub-intestinal vein; -ir, pre-oral pit. (After 
Hitsi hek.) 




an (* 


Fi(». S7.— More advanced larva of Amphioxus. an. Anus ; au, eye-spot ; c, larval tail- 
tiu ; c/i, notochowt ; d^ enteron ; rudiment of endostyle ; h club-shaped gland ; 
/ , Its external aperture ; m, mouth : np, neuropore ; v, pre-oral pit ; x, provisional 
iit'phridium ; 1-i, giU-shts. (Prom Korschelt and Heider, after Lankester and 
Wilhy.) 

)fives rise to the "club-shaped gland” (Fig. 86, B, k), which is 
probably a gill-cleft in its nature. 

The walls of the coelomic pouches, which have been extend- 
ing both dorsally and ventrally (Fig. 84, D), become the meso- 
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«l<Tiii. tij^* outer tlie ^0IUlltle and lb* unirr thr t^\A,un]iUn liv.*: ; 

,iud tin* ’veiitiul paits of thoir unii** to fouit tLe 

Tlio et‘11^ oi the dorsal parts become mn^*le aial 

tla* ]iiyotomes internally ami the connccth'MisMie of th»* ■‘km 

externally 

Tile larva fFig. 87 ; now loiy ami narrow with miuy 
seirments, i)ointe<l emK and a camlal tin, Tla^ all 

a]>pear first ill tlie m]d-\eutral line and then sliift over to 
the right side fFig. 87 , 1-4^ : they are metamerirally aiTitinred 
After fourteen liavti been so formed a series of eiilit apjiear 


If Jc 




Fig. SvS. — V entral aspect of three larvae of Amphioxns, sho^ini? the nieUpleural t'hL 
and the formation of the atnum (f//, Atnopore ; ^nil-slits ; if mi \Ai at.l 

right nietaplemal folds ; /«, moutli ; tr, pre-oral jnt (From Korichelt and Htiler. 

after LAiikester and Willey.) 


dorsally to those on the right side, and then the first M, 
originally ventral, move over to the left side, and by tlm sup- 
pression of some they become equal in number and b<‘gmentally 
arranged on the two sides of the l^xly. This is perhaps the 
stage at which Amphioxus showrs the nearest approach to tlu* 
typical embryo of a higher Tertebrate. The gill-slits are here 
seven to nine on each side, and the Vertebrate embryo has usually 
five to seven on each side. These first gill-slits in -^Imphioxus 
are later subdivided by the downgrowth of the tongue-liar from 
the dorsal edge. 

The atrium is an ingrowth of the external si>ace bi‘tween 
the two ventral metapleural or atrial folds (Figs. 88 and 811 , 
paired lateral ridges of the body-wall, and so is lined by ecto- 
derm. This ingrowth is shut off front the exterior by the 
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giowth towaids each other of sub-atiial Heines 011 the innei sides 
of the metapleuial folds (see hig 89, A bl), and thui becomes 
gieatlj enlaiged by the inci eased leLitnc gIO^\th of the \eiitio- 
lateial i3ait of the body-wall (Fig SO, B, C) The postexioi 
opening between the nietapleui il folds lenianis as the atiiopore 
(Fig 88, C, while the anteiioi end (Fig 88) also lemains 
open foi some time, but eventually closes ilie metapleuial 
folds lie outside the gill-slits (Fig 88, A) when these folds close 



Fig 89 — ^Diagrammatic transverse sections of three 1 irvae of Anipluo\us to show the 
development of the atiium an, Aorta, c deiniis , (h iiotochotd , d, intestine 
/, connectue tissue, fh, cavity of dorsal hnray, m, mjotomc, n, nerve tube, 
p, atrium , metapleural folds , sfh, lymph space m nictipleuial folds , si sub 
intestinal vein , sk sheaths of notochorl and nerve tube , si, suh atiial ndge , 
coelom (From Korschelt and Heider alter Lankester and Willey ) 

in (B and C), it comes about that the gill-slits which foimerly 
opened fieely to the exterior now open into the cavity of the 
atrium (compare Figs 87 and 88) 

The mouth now becomes median and vential, and is reduced 
m size, the oral hood (stomodaeum) is formed in fiont of it, the 
gill-slits become more numerous and vertically elongated, the 
endostyle forms along the floor of the pharynx, and the gonads 
grow as paired pouches from the body-wall This brings the 
animal to the young adult condition, reached at a period of prob- 
ably about three months after the fertilisation of the egg 

The development as a whole shows a very marked resemblance 
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lu that of the Tuiueata fRee p. 5ri^, l.iit Iciul.-- n.. supi-..ii t, 
the view that Amphioxus has degeuerateil fruui a higliei imuj, 
of the Vertehrata 

Classification of the Oephalochordata 

"J’he known species of Amphioxus may lie cla'.'ified n,- 
follows ^ : — 

FAMiLy Braxchiostomatibap 

Geniih 1. Budirhioatoma (Co^ta, 1834. 

Having Li^erial gonads and symmetrical nietajiViira 
B lanceolatim (Pallas) — Myotonies 36 + 14 + 1:2, gonads 23-^0 j.air^ : 

Mediterranean, N.W. Europe, Ceylon, K of rnitwl Bt^lTe^ 

[B. helcheri, Giay — Myotomes 38 + 174-9. Torres Siimnpore, 

Borneo, Ceylon. 

[B, nakagauae, Jord and S. — Myotumes 37 + 16+11 : Jaijun. 

[B. canlhaeitnii Sundevall — Myotonies 37 + 14 + 9 . West Indies, Atlanta . 
N. and S America. 

B ccqjense, Gilclirist — Myotonies 47 + 19 + 9 . 8 Afritu 
B, califormense^ J. G Cooper — Myotomes 45 + 17 + J) : Calift^mi.u 
B {Dolichorhynchus) tndicmn (Willey; — Myotomes 42+14 + 15 India 
and Ceylon. 

B. eloagatim, Sundevall — Myotomes 49 + 18 + 12: Peru, 

(2) B pelagicum^ Guntlier — Myotomes 36 + 16+15: Honolulu, Gulf of 
Manaar, Soutli Indian Ocean. 

Genus 2, Asymmetron (Andrews, 1893) 

With uniserial (right) gonads and asymmetncal metapleura. 

A I may annul, Andrews — Myotomes 44 + 9 + 13. Bahamas, Maldives, 
Zanzibar 

A. candatum (Willey) — Myotomes 40 + 9 + 11; Louisiade Archijiclago. 

A. (Heteropleuron) hassanum (Gunther) — Myotomes 45 + 16 + 14: Bass 
Straits, Au&tmlia. 

„ cingalense (Kirkaldy) — ^Myotomes 39 + 16 + 8 : Ceylon. 

„ cuHelhm (Peters) — ^Myotomes 32 + 10 + 10: T<<rm 

Straits, Au&traha, Ceylon. 

„ maldivmse (F. Cooper) — Myotomes 45 + 16 + 12 : Mal- 

dive Archipelago, Zanzibar. 

„ hectori (Benham) — Myotomes 53 + 19+12* New Zea* 

land. 


1 1 have to thank Mr Walter Tatfeersall, B Sc , working in my laboratory, for 
a detailed summary and discussion of the various published schemes from which 
this table has been drawn up. He has also filled np for me the map <Fig 90) 
showing the geographical distribution of the species. (See also Trans, Bwh i^oc, 
Liverpool, voL xvii. 1908, p. 269.) 
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Thus sixteen species have been described, of which the three 
under Brancliiostoma placed after square brackets, seem to he 
merely varieties of B, lanceolatmrij and B. nakagmoae is probably 
identical with B. lelcheri ; while it is a question whether Asyn-. 
inetTon caudatum is more than a variety of A. lucayanum, thus 
leaving eleven or twelve species that seem fairly well character- 
ised. The exact positions of the two marked (?), viz. B, elonga^ 
turn and B, jpelagicum, cannot be determined in the absence of 
fuller descriptions of these species. 



^ean/brc& istai* Ittuiak 

Fig. 90. — Sketcli-map showing geographical distribution of the Cephalochordata. 
+ indicates BranSiiostoTna ; o indicates Asymmetron, 


The list above, and the map (Fig. 90), give some indication 
of the geographical distribution of the group, and show that, 
although the few species are widely distributed over the shallow 
waters of the globe, most of the records lie between 40^ N. and 
4 O'" S. latitudes. In fact the group is mainly a tropical one, 
and is most abundant in the Indo-Pacific region. The crosses 
indicate records of species of Branchiostoma, and the circles those 
of Asymmetron (including Heteropleuron) ; the latter are confined 
to the Indo-Pacific seas, with the exception of A. lucayaimii^ 
from the Bahamas — one of the numerous cases of interesting 
similarity between the marine faunas of the East and West 
Indies. 




FISHES 

(EXCLUSIVE OF THE SYSTEMATIC ACCOUNT OF TELEOSTEI) 


BY 

T. W. BKIDGE, Sc.D.. F.E.S. 

Trinity College, Cambridge ; Mason Professor of Zoology and Comparative 
Anatomy in the University of Birmingham 



CHAP TEE V 


the systematic position and classification of fishes 

In the first chapter of this volume it was pointed out that the 
Craniata, of which the Pishes form a subordinate group, is 
the last of the four principal divisions into which the Chordata 
are divided. The animals included in the first three, viz. the 
Hemichordata, the Urochordata, and the Cephalochordata, have 
already been dealt with in the earlier chapters, and it now 
remains for us briefly to consider the diagnostic characters of 
the Craniata, and then, more in detail, the organisation of the 
Fishes. 

The Craniata, often termed Vertebrata, form one of the best 
defined and most easily recognisable divisions of the animal 
kingdom. As the name implies, they are distinguished from the 
more primitive Chordata by the formation of a definite “ head,” 
as the result of the modification of the anterior portion of the 
central nervous system to form a complex brain, round which are 
concentrated the chief organs of special sense. This is combined 
with the evolution of a skull, which, in addition to providing a 
“cranium ” for the enclosure and protection of the brain, and partial 
or complete capsules for the sense-organs, is connected behind with 
a system of bony or cartilaginous visceral arches, which loop 
round the pharynx between the gilh clefts. Besides supporting 
the breathing organs (gills) in the lower aquatic Craniata, or 
existing as embryonic vestiges in the higher lung-breathing forms, 
these arches usually form the basis of jaws for the mouth. The 
epidermal portion of the superficial skin is always composed of 
several layers of cells. The notochord, which is always present 
in the embryo, and in a few Craniates, both living and extinct, 
may even be retained in its entirety in the adult, fails to reach 
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the anteiior end of the biam In most Craniates, ho\\evei, the 
notochord becomes inoie oi less completely replaced in the adult 
by the development round it of a series of 'veitebrae, forming the 
backbone or veitebral column Two pairs of limbs, and cartila- 
ginous or bony limb-girdles foi then support are verj generally 
present 

The segmentation, or serial repetition of certain organs of the 
body, which is so maiked a feature m the Cephalochordata, is 
also characteristic of the Craniata Examples of this may he 
seen m the division of the lateral longitudmal muscles of the 
body wall into muscle-segments or myotomes by a senes of 
tians\eise fibrous septa, m the formation of the vertebral 
column by a series of successive joints or vertebrae , in a sunilai 
seiial repetition of the cianial and spinal nerves, the gill-clefts 
and branchial arches, certain blood-vessels, and the renal tubules 
Theie is sometimes, however, no precise regional or numeiical 
conespondence between the diflerent organs which are successi\elj 
repeated in this way, and hence it is probable that, m at least 
some of the organs of the Craniate body, the segmentation has 
been independently evoh ed in each case 

The pharynx is relatively much shorter than m other 
Chordata The giU -clefts are few m number, whether, as 
in the lower Craniata, they aie retamed as the functional 
bieathmg organs, oi aie present, as vestiges only, m the embryos 
of the higher members of the group In no instance are thej 
subdivided by the growth of ‘'tongue-bars” or “ synapticula/ 
nor do they open externally into an atrial or peribranchial 
cavity The li\er is a massive compound tubular gland, never 
in the adult at all events, a simple caecal sac , and usually there 
IS a pancreas and a spleen 

A spacious epithelium-hned body cavity or coelom, which, as 
regards its origm, may be regarded as a “sjncoelom,”^ surrounds 
the ahmentary canal and separates it from the body wall From 
the epithelial walls of the coelom are derived the gonads (ovaries 
and testes), which in the adult are linuted to a single pair , while 
paired and often segmentally-arranged lateral tubular outgrowths 
from it (renal tubuli) acquire a glandular character and form 
the basis of the excretory or kidney system A special portion 

^ A coelom formed "bj the Tinioii of one or more pairs of primitivelj distinct coelomic 
cavities 
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caviare are prepared annually. Large quantities of isinglass are 
obtained from the air-bladders, in the United States and in Russia, 
The organ is split open and washed; the inner lining is then 
stripped off and the bladder dried as rough isinglass. 

The second genus, Sca'pliirhynclms, which includes the 
Shovel-nosed Sturgeons, differs from ^cijoenser in the long, 
flattened, and almost spatulate shape of the rostrum, the sup- 
pression of the spiracles, and the union of the longitudinal rows 
of scutes beneath the dorsal fin to form a scaly armature com- 
pletely investing the tail. The distribution of the genus affords 
an interesting parallel to that of the Polyodontidae. Of the 
four species, one (& jolatyrhynchus) is common in the Mississippi 
valley and in the rivers of the Western and Southern States of 
North America, while the remaining species, also exclusively 
fresh-water, frequent the rivers of Tartary. 

The Acipenseridse are not known to occur earlier than the 
Tertiary. Scutes, pectoral spines and fragmentary- bones, indis- 
tinguishable from the corresponding parts of existing species, 
have been recorded from the London Clay of the Isle of Sheppey 
(Lower Eocene), and from later Eocene deposits in the Isle of 
Wight and Hampshire ; and also from the Pliocene of England 
(Eed Crag of Suffolk) and Virginia. 

Order III. , Holostei (Lepidosteoidei). 

The Holostei include a large and somewhat heterogeneous 
assemblage of Pishes, most of which are now extinct. As a 
group they are by no means easy to define or delimit. Widely 
separated from the Chondrostei, there is little evidence of the 
existence of connecting links between the two groups, although 
in some respects the Catopteridae may be regarded as transi- 
tional. On the other side, however, the Holostei shade off 
almost imperceptibly into the Malacopterygian Teleostei. In 
different fossil and recent Holostei there may be traced the 
gradual acquisition of the more special Teleostean characters 
and the elimination of the more archaic features of their remote 
Teleostome ancestors ; and in a general sense this may be taken 
as the key to the more salient attributes of the group. It is not 
suggested that all the families of Holostei are on the direct lines 
of Teleostean descent. Some families, like the Eugnathidae and 
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of the coelom aLo suirounds the heart and fuiins a peiiraidial 
caMt}, and in some Cianiata the genital ducts md\ be foiined 
from its lining membrane 

Theie is al\\a}s a musculai heart, consisting of at least tliiee 
chamheis a sinus \enosus, an auricle and a \entiicle, and formed 
] V a modification of the initial poition of the \ential or cardnc 
101 ta of the Cephalochordata The disposition of the great blood- 
vessels is based on a common plan in all Cramata, and the hload 
which circulates in them is red in colom owing to the presence ot 
red, haemoglobin-containing corpuscles 111 addition to the coloui- 
less leucocj tes which alone are present m the Cephalochord it i 
Ductless blood-glands of various kinds (sxileen, tli^roid, thymus 
inter- and ad-renal bodies) are v ei} generallj present, and 
modify in different wa}s the character of the blood as it 
circulates through them Besides blood-vessels there is also 
i somewhat similai sjstem of lymphatic vessels distributed 
tliroughout the organs and tissues of the body, which serves the 
purpose of le-coUecting the fluid portion of the blood that has 
diffused from the blood-vessels for the nutrition of the tissues, 
and conveying it liack to the blood vascular system These Ij mph- 
atics contain Ijmph, a fluid comparalile to dilute blood plasma 
in which leucocytes float In addition to then continuitj with 
the blood-vessels at certain pomts, the lymphatic vessels maj 
also communicate with the coelom, and hence the Cramata must 
be included among those somewhat lare exceptions to the general 
lule that no connexion exists between the series of blood-con- 
taming channels and the coelom 

In the excretorj system the lenal tubuh in the adult Cramata 
raiely retain their primitive embryonic communication with 
the coelom, and in no instance have they separate and in- 
dependent external apertures, on the contrar}, by the union of 
their outer or distal extremities, common efferent ducts are fonned, 
which either open into a '' cloaca,” or directly on to the exteiior of 
the body near the anus 

In all Craniates the dorsally-placed and tubular central nervous 
system has its anterior portion enlarged and otherwise modified 
to form a '^bram,” while the remaining portion, retaining a 
simpler and more uniform structuie, forms the spmal cord In 
the embryo the bram always consists of three successive sac-like 
enlargements known as the fore-, raid-, and hmd-brain, and from 
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these are developed the various parts of the complex adult braiu 
which in the disposition and mutual relations of its parts con- 
forms to a common plan in all the members of the group. There 
are at lea^t ten pairs of cranial nerves having their origin from 
the brain, and, in addition, a varying number of spinal nerv'es 
arising from the spinal cord, and as a rule formed in each case 
by the union of a mainly sensory, ganglionated, dorsal root with 
a mainly motor, non-ganghonated, ventral root. 

The median and usually vestigial, parietal, or pineal eye may 
sometimes be retained as a functional organ, but there exist in all 
Craniates, in addition, paired eyes, the sensory portion of which 
the retina, is derived as an outgrowth from the first of the 
primary embryonic brain- vesicles. To these organs of special 
sense are added a pair of auditory organs, and a pair of olfactory 
organs, besides, in the lower aquatic Craniates, the peculiar 
sensory organs of the “ lateral line.” 

The gonads are reduced to a single pair in the adult, although 
it is possible that they may have a multiple origin in the embryo. 
G-onoducts for the discharge of the sex-cells are almost invariably 
present, and may owe their origin either to a change of function 
on the part of certain kidney-ducts, or to independent evolution 
from the lining membrane of the coelom. The ova are generally 
provided with a large amount of nutritive reserve in the shape 
of food-yolk, and hence the process of segmentation is frequently 
partial or “ meroblastic,” but in some groups, in which the ova 
have less food-yolk, it is complete or “ holoblastic.” The typical 
invaginate gastrula stage, which is so striking a feature in the 
embryonic history of the lower Chordata, occurs also in a few of 
the lower Craniates, but in most of them it is apt to become 
masked or modified in various ways by the presence of a super- 
abundant amount of food-yolk. 

Functional hermaphroditism is of very rare occurrence in 
Craniates, and, as in the Cephalochordata, reproduction by 
budding and the formation of colonies are unknown. 

Thus distinguished from other Chordata, the Craniata are 
divided into six “ classes,” which may be variously grouped, as 
the following table shows ; — 
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ICHTH10PSID\ 

Bitathin^f by jjjillb at some 
pci 10a ot life 

A:n vaimot\ 

No enibi>oiiic covering 
or amnion 


Als VLL V1^10IDE\ 

No embiyomc le&piratory 
01 g in 01 allantois 


Ammotv 
Amnion piesent 

All\atoii)FA 
Allantois present 


SaijROPSIDA I 

L 


I Cyci osto y ata 

Lampreys and Hag 
Fi&lies 

II Pisci s 
True Fishes 

III Amphibi i 

Newts, Fiogb, and 
Toads 

IV Reptilia 

Li/aids, Snakes, 
Tuitles, and 
Crocodiles 

Y Aaes 
B irds 

VI MAAIM4.LIA 
Hairy Quadrupeds 


Aga \thostoaiat^ 
Without biting 
jaws 


A.IHOSTOMVTV 
Y ith biting jaw s 


Apart from the distinctive characteis of the six “classes” into 
which the Craniata are divided, two or thiee of these classes may 
possess important structural features in common by which they 
aie distinguished from others Thus, Cyclostomata, Fishes and 
Amphibia agree with one another, and differ fiom all the remaining 
groups in breathing by gills and in possessing lateial hne sensory 
oigans during part, 01 the whole, of life Their embryos ha%e no 
imesting amnion, neither does the sac-like outgrowth from the 
hind-gut, which is known as the allantois, if present at all, e\er 
extend beyond the coelom to form an emhryomc investment or 
to act as a primitive breathing organ Hence, therefore, the 
teims Ichthyopsida, Anamniota, and Anallantoidea have been 
apphed to these three classes Similarly, the term Sauropsida, as 
apphed to Eeptiles and Birds, is a convenient means of giving 
expression to the fact that, underlying the most strikmg diversity 
of outward form and habits, theie is a community of inward 
structure which justifies the conclusion that these animals are 
moie closely related to one another than either group is to 
any other class of Cramates And agam, the application 
of the terms Agnathostomata and Gnathostomata brings into 
sharp rehef the fundamental distinction between the Cyclo- 
stomata and all the remaining groups of Craniata which is 
VOL vn 
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only partially illustrated by the presence or absence of bitin« 
jaws. 

In a general and popular sense the Cyclostomata are usuallv 
regarded as “ Fishes,” but this usage rests on no better fouiulj. 
tion than a certain agreement between the Gyclostomata and the 
true Fishes in outward form and habits, and in their method 
of respiration by gills. On the other hand, it has been 
maintained that the distinctive features of the Cyclostomata 
are of sufficient importance not merely to separate them 
from the true Fishes, but possibly even (as is to some extent 
expressed by the use of the terms Agnathostomata and Gnatlio- 
stomata) to warrant their elevation to a group equal in taxonomic 
value to all the remaining living Craniata taken collectively 
The organisms included in the Cyclostomata, the Lampreys, and 
especially the Hag-Fishes, exhibit in many respects an extremely 
low grade of Craniate structure ; but how far the simpLLcity Jr 
archaic nature of some of their organs is primitive, or has been 
acquired through degeneration, it is difficult, and is sometimes 
impossible, to determine with any degree of satisfaction. In 
other respects, such as the presence of a rasping '"tongue,” it 
is obvious that the Cyclostomata have attained a high degree 
of specialisation. As one of several illustrations which might 
be given of difficulties of this kind, it may be mentioned that 
it is by no means certain that the^ Cyclostomata are not the 
degenerate descendants of primitive but now extinct Gnatho- 
stomata. At all events the presence of paired cartilages in 
the skull of the Lamprey, which, with some show of reason, 
may be regarded as representatives of the primitive upper 
and lower jaws of the latter group, would seem to suggest this 
conclusion. If this be correct, we must regard the formation 
of a suctorial buccal funnel, with its complex system of sup- 
porting cartilages — one of the most striking features in the 
structure of this animal — as a secondary and adaptive special- 
isation of a mouth originally provided with biting jaws. But 
in spite of such difficulties there can be no question that the 
Gyclostomata are the most primitive of all existing Craniates, 
and so far differ from the true Fishes and from all other classes 
of Craniate animals, that their inclusion in a class by themselves 
is the least that can be done to give graphic expression to their 
isolated position, even if we do not fully accept the dictum of 
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Hcieekel that they are further removed from Prshes than Fishes 
fiorii jMan 

Briefly stated, the Cyclostomata or Agnathostomata are 
distinguished from “Fishes” and all the remaining Craiiiata 
'"Gnathostomxta) by the following characters: — 

The mouth is either nearly terminal, as in the Hag-Fislies 
C^bjmnc), or, as in the Lampreys {TetroimjzQn), it opens out 
uf a spacious, pre-oral, suctorial, buccal funnel, w'hich, m its rela- 
tions to the hypophysis or pituitary body, recalls the pre-oral 
bucccil cavity of the Cephalochordata. As 111 Amphioxus, the 
hypophysis ^ is displaced dorsally by the forward growth of the 
pre-oral portion of the head m the embryo, and consequently it 
only attains its normal relations to the infundibular dowmgrowtli ^ 
from the ventral surface of the fore-brain by perforating the 
floor of the skull from above instead of from below as m all 
other Craniates. In one section of the group (e.g. Myxine) the 
hypophysis opens into the oral ca'^ty, and serves as a tubular 
passage for the inspiratory water-current to the gill-sacs, a feature 
in which these Cyclostomes are unique. The apparently median 
olfactory organ is carried inwards with the hypophysial involution, 
and communicates with the latter throughout life A primitive 
upper jaw (palato-quadrate cartilages or suh-ocular arches) is 
present, and in at least some Cyclostomes (eg the Lampreys), 
and possibly in all, there are structures which very probably 
represent a primitive lower jaw (Meckel's cartilages) ; but sucli 
structures are always non-biting, and merely form skeletal supports 
for other portions of the skull. In place of biting jaws the 
mouth IS provided with a complex rasping lingual apparatus 
supported by special cartilages, the so-called tongue, which beam 
horny teeth and is capable of protrusion and retraction. Paired 
limbs are entirely wanting. 

In the Gnathostomata, on the contrary, there is no buccal 
funnel, and the mouth, whether terminal or ventral in position, 
opens directly outwards. The hypophysis is usually carried 
inwards with the stomatodaeal invagination which in the embryo 
gives rise to the mouth, and is therefore from the first in relation 
with the ventral surface of the brain. Biting jaws (palato- 
quadrate and Meckelian cartilages), formed by the modification 
of an anterior and primitively gill-bearing visceral arch, are 
1 Cf. p. 129. 2 Of p 391. 



148 


FISHES 


f'HAj 


invariably present. The olfactory organs are obviously paired, and 
they are distinct from the hypophysis. Paired limbs are present 

As previously stated, the true Pishes form the second of the 
six '' classes ” into which the Graniata are divided. As compared 
with the higher Graniata, their distinctive characters may W 
concisely stated as follows : — 

Presh water or marine Gnathostomata, which in their shape 
and in method of breathing are adapted for an aquatic lite 
Throughout life their respiratory organs are in the form oi 
vascular processes (gills) derived from the walls of the branchial 
clefts, and supported by a series of branchial arches. The 
principal organ of locomotion is the powerful muscular tail • in 
addition, however, there are paired fins, pectoral and pelvic, 
corresponding to the fore- and hind-limbs of the terrestrial 
Graniata, and possessing a supporting cartilaginous or honv 
skeleton ('" ichthyopterygium which cannot readily be coin* 
pared with the limb-skeleton of the latter. Pishes also posses^ 
a system of median fins, supported by a special skeleton of their 
own. An exoskeleton of dermal spines or denticles, scales or honv 
plates, is usually present. Except in one group, the Dipnoi, the 
heart has but one auricle, and receives only venous blood, which 
it forces, first, through the blood-vessels of the gills, and thence, 
as arterial blood, through the vessels of the body generally. An 
air-bladder is frequently present, and serves as a hydrostatic organ 
or float, but in a few cases it may act as a lung, and helps the 
gills in the work of respiration. The paired olfactory organs rarely 
communicate with the oral cavity by internal nostrils. Peculiar 
cutaneous sense-organs are disposed in linear tracts along the sides 
of the body (lateral line sensory organs), and on the head, and 
appear to be specially associated with a life in water. 

Pishes may be divided into the following " sub-classes,” and 
these in turn may be subdivided into various “orders” and 
“ sub-orders ” : — 

(i.) Elasmobranchii ; e , g . Sharks, Dog-Fishes, Skates, and Rays. 

(1) Pleuropterygii t ; e.g. Oladoselache. 

(2) Ichthyotomi f 9 e.g. Pleuracanthus, 

(3) Acanthodei f ; e.g. Acanthodes, 

(4) Plagiostomi. 

(а) Selachii ; e.g. many extinct and all living Sharks 

and Dog-Fishes. 

(б) Batoidei ; Skates and Rays. 

(6) Holocephali ; ag. Ghimaera and Gallorhynchus, 
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u Ti LFOsTOiH < (j ■iucli -well known Pi&lics as, tin. Ptidi, ( r 1, Silm .m, 
anfl Herring, and also the les‘5 familiar “Ganoid^ In mg md 
e\tiiict 

(1) Ciofasopteiygii Pohfpfeni<t 

(2) Ghondro^tei tg the Sturgeons icipmu 

(3 Holostei , eg the Bow hn ( btna)^ -ind tlit Gar Ihle 
{Lepidosteu^) 

(4) Teleostei , c the Perch, Cod, Salmon, etc 
111 Dipnoi, eg Xt oceratodus, Pyotoptenis, ojid Lepido^irtn 

Ajipendtx to the Clas-i Pis es 

I Pu VEOSPONDYLIDAFT , eg Palaeospondyliis 

II OsTRACODPEMIT 

(Ij Hcterostraci , eg Ptnaspis 

(2) Osteobtraci , e g GcpJudaspis 

(3) Am^^pida, eg BiiJenia 
111 A.^TIARCHIT , eg Pteuclithys 

i\ Arthrobirat , e g Goccosteiis, Bmirhthfs 

The Fishes included in the Teleostomi ^ere fonneily arranged 
in two gioups the Ganoidei, including the Ciossopteijgu, 
Chondiostei, and the Holostei, with their numeious fossil allies , 
ind the Teleostei Living Ganoids agiee with one another, and 
diftei fiom Teleosts in possessing an intestinal spiial \ahe and 
a conus arteiiosus It is difficult, however, to separate the two 
gioups, inasmuch as in each group there are hving terms which 
tend to appioximate to the othei , and numerous fossil genera, 
of whose soft paits nothing is known, are m many respects 
intermediate between the two The position and relationships 
of the Palaeospondylidae, Ostiacodeimi, Antiaichi, and Arthro- 
dira aie ^ery unceitain The Palaeospondyhdae have been in- 
cluded in the Oyclostomata, or at all e\ent8 ha\e been regarded 
lb more or less closely related to that group while the absence 
ot paired fins and the apparent want of jaws have suggested 
that the Ostraeodermi occupy an intermediate position between 
the Cyclostomata and the Gnathostomata ^ On the other hand, 
the Arthrodna are either regarded as an independent group of 
Fishes, or are included amongst the Dipnoi In the latter case, 
the Dipnoi are divided into the Arthiodiia and the Sirenoidei, 
the last mentioned group including Neoceratodus, Pi otopteruB and 
LepxdoBvrm^ and their extinct allies 
t Entirely extinct ^ Gadow, A Glassification of Veitehra^ta^ 1898, p 4 
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EXTERNAL CHARACTERS OF CYCLOSTOMATA AND OF FISHES 

EXTERNAL CHARACTERS — COLORATION POISON GLANDS AND 

POISON SPINES — PHOSPHORESCENT ORGANS. 


In all the Cyclostomata the body is Eel-like in shape, the head 
and trunk being nearly cylindrical, and the tail somewhat flat- 
tened from side to side. In Petromyzon the head terminates in a 



Fia. 9U-—Peirmffzon pmnrnes. A, ventral ; B, lateral ; aSi^^fersal, view of the head, 
dr.cl.lf First branchial cleft j huc,fj buccal funnel ; eye, the eye j mth, month : nouGip, 
nasal aperture ; p, papillae ; pn, pineal area ; t\ t\ teeth of buccal funnel : 
teeth on the tongue. (From Parker and Haswell, after W. K. Parker.) 

ventraily-directed, funny-like cavity — the buccal funnel — in the 
roof of which the relatively small mouth is situated (Eig. 91, A). 
The margin of the funnel is fringed by a series of short papillae, 
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but in the Hag-Fishes {Myxine and Bdellostoma), where a buccal 

funnel is not developed, longer tentacle-like structures are present 

on each side of the mouth. On the upper surface of the head 

is the single median nostril, or naso-pitmtary aperture, placed 

between the eyes in the Lampreys (Fig. 91, B, 0), but at the 

anterior margm of the 

head m Myxine and 4 ^ 

its allies (Fig. 92) In 7 

the hving Lampreys a 

semi-transparent area of la 

skin may he noticed 1 » 

behind the nasal organ, I M 

which coincides with f m 

the position of the more 1 a 

deeply - seated parietal A 

eye. On each side of ■ 

the body, commencing a H 

short distance behind the 

eye, is a series of small ^ V 

and almost circular bran- jm 

chial clefts {Petromyzon, ^ 

Bdellostoma), In Myxine, a 7 \ ai 

however, the clefts of 

each side have a single ^ ^ V* ak 

common external aper- r« ^'^P \ 

ture, situated on the V® j 

ventral side of the body ^ j 

and some distance be- oesci,d 

fha /^TTirr ^IG. 92. — Head of Myxine glutinosa (A), and of 

nina tne neaa ^^nig. Bddlostmia Jorsterv (B), from beneath, br.ap, 

92, A). At the June- Left external branchial aperture; hr,cll, first 
finn nf fbp t-mTiV wifL branchial cleft; mth, mouth; na,ap, nasal aper- 
hion 01 rne rrunK wnn oesetd, oesophageo- cutaneous duct. The 

the tail is the anus, smaller opemngs in A are those of mucous glands, 

behind which is the (^^om Parker and Haswelh after W. K. Parker.) 

papilla which carries the urino-genital aperture at its extremity. 
There are no paired limbs or vestiges of such organs. Median 
fins are represented in the Lampreys by an anterior dorsal fin 
and a posterior dorsal fin, the latter being continuous with the 
caudal fin which fringes the upper and lower margins of the 
protocercal tail In Myxine a caudal fin only is present, surround- 
ing the extremity of the tail. 


oes ci,d 

Fig. 92. — Head of Myxine glutinosa (A), aud of 
Bdellostonxa Jorsterv (B), from beneath. 6r.ap, 
Left external branchial aperture ; br,cll, first 
branchial cleft ; mthi mouth ; na,ap, nasal aper- 
ture, oesetd, oesophageo -cutaneous duct. The 
smaller opemngs in A are those of mucous glands. 
(From Parker and HaswelL after W. K. Parker.) 
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In Pishes the characteiistic shape of the body is moie oi less 
that of a spindle, tapering at each end and somewhat flattened 
fiom side to side , and, as a rule, the thiee regions of the body — 
head, trunk, and tail — ^pass almost imperceptibly into one anothei 
(Pig 93, A) Neyertheless, theie is great diversity of form in 
dilferent Pishes Compare, for example, the elongated, cylindiical 
shape of the Eels (which is perhaps associated with their habit of 



Fig Q3 — Tilajoia dolloi To show the external characters of an Acanthopterygian 
Teleost A, side view , B, the first branchial arch Spinose part of the anal 
fin , sott rays , c/, caudal fin d /, spinose portion of the dorsal fin , 
soft ra}s , gf, gill filaments , ^ gill rakers , %ll, inferior latenl line , nostril , 
pf, pelvic fin p opf preoperculiim , pi/j pectoral fin , superior lateral line, 
t Sj transverse row of scales (From Bordenger ) 

insinuating themselves into holes and crevices, and their undula- 
toiy, snake-like movements when swimming) , the compiessed band- 
like shape of the Eibbon-Fishes (Trachypteridae) , the flattened 
bodies of those Fishes which habitually live and move on the 
bottom, like the Skates and Bays, the thin, laterally-compiessed 
bodies, often nearly as high as long, of the Flat-Fishes (Pleuro- 
nectidae), which always svim and rest on eithex the right or left 
side , the almost spherical G-lobe-Fishes (^Tetrodon) which often 
float passively in the water, and the singular rectangular, 
coffin-hke Cofier-Fishes (Ostracion) There is also much differ- 
ence in the relative proportions of the three regions of the 
body in different Fishes, as witness the enormous size and 
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grotesque appedrance of the head of the Angler- Fish (Lophius ) ; 
the huge high trunk and abbreviated tail of the Sun -Fish 
(Ortluff/onsciis) ; and the short high trunk and long tail of 
Xofo2)tcrus (Fig. 334). 

In its external appearance the head perhaps diiSfers more in 
different Fishes than any other part of the body. Long and 
flattened 111 the Skates and Lays, the head becomes short and 
high in most Holocephali and in many Teleosts, or is shaped like 
a blunt cone, as in such Dipnoi as J^rotopterics and Lepidosiren ; 
or becomes long and pointed, as in the Hoith American Gar 
Pike ” (Lepidostem) ; or, finally, as in the Hammer-head Shark 
(^S^liyrna), the head may be produced into great lateral exten- 
sions, carrying the eyes at their extremities (Fig. 256, B). Apart 
from its relative shape and size, the appearance of the head may be 
further modified by the thinness of the investing scaleless skin, 
which readily allows the surface and contour lines of the bones 
of the skull to be seen through it, as in the Crossopterygii, and 
in such Teleosts as the Siluroid genera Clarias and Gdlichthys ; 
or the skin, even if devoid of scales, may be so thick that scarcely 
any of the bones are visible externally. The exoskeleton, whether 
in the form of scales or bony plates, may extend to a varying 
degree on to the surface of the head in different Teleosts, or may 
even invest nearly the whole of the head. When, as is not infre- 
quently the case {e g. many Scorpaenidae) certain of the bones of 
the skull are produced into projecting spines, the head assumes a 
singularly formidable appearance (Fig. 424). 

The mouth differs greatly in size and position. In existing 
Elasmobranchs it is generally crescentic in shape and always 
ventral in position, but in certain primitive fossil membeis of the 
group, as in the Palaeozoic Cladoselache, it is anterior and terminal 
The Sturgeon and other living Chondrostei have the mouth 
ventral. In the Dipnoi also the mouth is ventral, but is near the 
extremity of the snout. As a rule, the mouth is terminal or 
nearly so in the living Crossopterygii and Holostei, and in the 
great majority of Teleosts, although in the latter group it is 
occasionally distinctly ventral, especially when a snout is de- 
veloped, and it may sometimes look upwards by reason of the 
projection of the lower jaw in front of the upper. A pronounced 
beak ’’ is sometimes formed by the forward prolongation of both 
jaws, as in the Gar Pike {Le^idoBtmi), with the result that the 
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vertical gape of the mouth is greatly increased, hut in a few 
Teleosts a beak may result from a forward extension of one jaw 
only, the upper in the Sword-Fish /«.<?) and the lower in 
the Half-Beak ’’ {EemiTlutmphm), A further modification is to 
be noted in many Teleosts, in which, owing to the forward pro- 
longation and inclination of the skeletal supports of the jaws, 
the mouth is at the extremity of a longer or shorter spout-like 
beak, and is then usually very small. This is the case in the 
Sea-Horse the Pipe-Fishes {Si/yignathus), the 
"Flute-mouths'’ {Fistularia), and the Trumpet-Fish {Centnscus), 
and especially in certain species of the African family Mdrmy- 
ridae, where the pore-like mouth is at the extremity of a long, 
tapering, downwardly-curved proboscis (Fig. 330). In many 
Teleosts the mouth can be protruded and withdrawn at will by a 
sliding motion of the bones of the upper jaw (premaxillae) on the 
anterior skuU bones by which they are sux)ported. From this 
point of view the toothless mouth of the Sturgeon is even more 
remarkable. By a forward or a backward swing of the elements 
which form the upper half of the hyoid arch (hyomandibular and 
symplectie) the mouth can be thrust downwards from the under 
side of the head like a spout, when the Fish is feeding, and subse- 
quently retracted. In not a few Fishes the forepart of the head 
is prolonged forwards over the mouth and jaws in the form of a 
rostrum or " snout " ; it is, in fact, to the growth of a snout that 
the ventral position of the mouth in Fishes is generally due. This 
feature is more or less characteristic of most Elasmobranchs, in 
which the snout forms a cut-water overhanging the mouth. In 
the Holocephali the snout is short and blunt, except in Earriotta, 
where it is pointed and unusually long. Among the Chondrostei 
the Sturgeon has an exceptionally massive snout, the length and 
shape of which differs in diiBferent species. In the allied Folyodon 
the thin, flattened, spoon-like snout is scarcely less than one- 
fourth the length of the body (Fig. 289). 

Simple or branched tactile filaments or " barbels ” are present 
on different parts of the head in many Teleostomi, sometimes at 
or near the chin, as in certain Gadidae, like the Haddock and 
Cod, or on the under surface of the snout, in front of the mouth, 
as in the Sturgeon. In the Siluridae (Fig. 356), where they are 
found in relation with the upper and lower jaws, and even between 
the nostrils, these structures are often remarkably doveloped. 
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The eyes of Fishes lire usually very large. They are generally 
situated on the sides of the head, but in the Star-gazers 
(JJranoscopus) they are on the upper surface and close together. 
In the goggle-eyed PeTioplithalmus the eyes seem to protrude 
from their orbits, and in a variety of a species of Carp, the Gold- 
Fish {Cyp>Thnus auratus), the protrusion is so marked that the eyes 
seem as if on stalks. In a few species, which live either in caves 
or at very great oceanic depths, the eyes become vestigial, and are 
hidden beneath the skin, or are even covered by scales (Fig. 430). 

In the Elasmobranchs and Dipnoi the olfactory organs retain 
their primitive position as pit-like sacs on the ventral surface of 
the snout, just in front of the mouth. In the Dipnoi (e g. Proto- 
vteri/s) each olfactory sac has two apertures, of which one, the 
external nostril, is placed on the under surface of the snout, while 
the other, the internal nostril, opens within the upper lip into 
the oral cavity — a feature which is unique among Fishes. In 
nearly all Teleostomi, also, each sac has two nostrils, which, how- 
ever, are situated either on the upper surface or on the sides of 
the fore-part of the head, and have no communication with the 
mouth. 

Directly behind the head in Elasmobranchs, or beneath its 
hinder part in all other Fishes, are placed the external apertures 
of the branchial clefts. In the former group these apertures 
are visible externally in the form of a senes of narrow vertical 
slits, but in ’the latter they communicate with the exterior by 
opening on each side into a common branchial cavity, the outer 
wall of which is formed by a movable flap-like fold with a free 
hinder margin and a special internal skeleton of cartilaginous 
rays or of bony plates and rods, the gill -cover or operculum 
(Fig. 161, B). Behind the free margin of the operculum there 
is a sht-like orifice, the gill-opening or external branchial aper- 
ture, which curves from above downward and forward toward 
the chin, and places the branchial cavity in communication with 
the exterior. Through this aperture the water, which has 
entered through the mouth, traversed the gill-clefts, and bathed 
the gills, finds its exit from the body. The space on the ventral 
side of the head between the two halves of the lower jaw, and 
between the two external branchial apertures, is termed the 
" isthmus.” The size of the external branchial aperture differs 
greatly in different Fishes, according to the extent to which the 
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free opercular margin fuses below with the isthmus, or behind 
with the side of the head. Thus the aperture may extend from 
the chin in front upward and backward to near tlie dorsal sm- 
face of the head, or it may be reduced to little more than a mere 
pore situated on any part of the opercular edge (e.g. Hi 2 )j)ocam 2 )%is)] 
or, as in Sym'bmneliuSj the reduced pores of opposite sides may 
coalesce in the floor of the throat in a common median opening. 

In the Elasmobranchs and in the Dipnoi the cloacal aperture 
is always situated at the junction of the trunk with the tail. In 
the Teleostoini, however, where the intestine has a separate ex- 
ternal orifice or anus, distinct from, and placed in front of, the 
separate or combined urino-genital ducts, the anus may either 
retain its primitive position near the union of the trunk and 
tail, or occupy almost any intermediate position between this 
point and the throat. 

Most Fishes possess both median and paired fins (Fig. 93, A). 
From an evolutionary point of view the median fins have a far 
greater antiquity than the paired fins. They appear before the 
latter in embryonic development, and in the Cephalochordata, and 
such lower Oraniates as the Cyclostomata, they are the only fins 
which exist. The isolated median fins of most Fishes are discon- 
tinuous remnants of a primitively continuous structure, which, 
extending like a fringe along the median line of the back, was 
thence continued round the end of the tail and forward along 
the ventral surface as far as the cloacal or anal orifice. This 
primitive condition, which, as we have seen, is characteristic of 
Amphioxus, is also very general in the embryos and larvae of 
Fishes (Figs. 238 and 309), and is more or less completely 
retained in the Dipnoi and in many adult Teleosts, notably in 
those species in which the body is greatly elongated and locomo- 
tion is effected by serpentine lateral undulations, as in the Eels 
(Anguillidae), and in others which, either through their quasi- 
parasitic or commensal habit (e.g. Fierasfer acus), or by reason of 
a peculiar environment, as in certain deep-sea Fishes (Fig. 430) 
are distinguished by the retention of many larval features. More 
generally, however, the continuity of the fin becomes inter- 
rupted, and that portion of it which surrounds the extremity 
of the tail is the first to become separated from the rest as 
a caudal fin (Fig. 429). By fimther interruptions the remaining 
dorsal portion may become divided into two or three isolated 
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dorsal fins (Fig. 398), or even into a series of isolated finlets , and 
similarly also with the ventral portion or anal fin ; or, without 
undergoing subdivision, both fins may become reduced in length 
to an extent which differs greatly in different Fishes, and persist as 
single dorsal or anal fins. But even when a median fin is reduced 
m length by atrophy, or becomes subdivided by breaches in its 
continuity, the externally invisible supporting radial elements 
frequently remain to prove the originally greater length of the 
fin, or the continuity of its detached remnants 

Like the median fins, the paired fins may also be regarded 
as discontinuous remnants of an originally continuous lateral fin 
which extended along each side of the body from the head to 
tlie vent, and of which only the anterior and posterior portions 
now remain as the pectoral and pelvic fins. Pectoral fins are 
rarely absent in existing Fishes, and when present they are 
always situated just behind the branchial clefts, where, as in 
most Teleostomi, the outhne of their supportmg pectoral girdle 
can often be seen. They vary greatly in form and size in 
different Fishes, and in the Elasmobranchs are larger than 
in most others. In certain members of the latter group, 
the Skates and Rays, in which the feebly -developed tail is 
probably useless as a locomotor organ, the pectoral fins are 
exceptionally large, forming broad triangular lobes, the broad 
bases of which are continuous with the sides of the body from 
the anterior part of the head to near the origin of the pelvic 
fins, and thus ^ in outward form, if not in inward structure, 
simulate re-acquired continuous lateral fins. Except in a few 
instances, the Teleostomi have relatively small fan-shaped or 
paddle-like pectoral fins, and usually only tliat portion of each 
fin which is supported by the dermal fin -rays is visible exter- 
nally. In the Crossopterygii, however, each fin appears to con- 
sist of a central lobe invested by scales and encircled by a 
peripheral fringe of fin-rays, and is hence described as a lobate 
fin (Fig. 279). When the central lobe is much increased in 
length but reduced in width the fin becomes acutely lobate A 
similar type of fin is present in the Dipnoi, but in Protojpierus 
and Le^idosirerii owing to the length and narrowness of the 
central lobe, and the reduction or suppression of the marginal 
fringe, the pectoral members assume the condition of long 
tapering filaments (Fig. 304). 
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Although as a rule smaller in size, the pelvic fins bear a 
general resemblance to the pectoral fins, but in certain groups, 
especially in Teleosts, they are liable to undergo extraordinary 
changes in position, and, as will be seen presently, are much more 
prone to exhibit the effects of adaptive modification and degenera- 
tion. They are present in all existing Fislies, with the exception 
of the Crossopterygian CrdamicMliys and some Teleosts, and, 
except in the Teleostei, they invariably retain tlieir primitive 
position near the junction of the trunk with tlio tail, and directly 
in front of the cloacal or the anal aperture; in this position 
they are said to be “ abdominal.” In other Teleostei the fins 
undergo forward displacement and come to lie directly beneath 
the pectorals (Fig. 415), when they are said to be ‘^thoracic,” 
as in the Mackerels (Scombridae) and the Horse-Mackerels 
(Carangidae) ; or even in front of the pectoral fins on the under 
surface of the throat, when they are described as "'jugular,” as 
in the Cod and other Gadidae (Fig. 398). 

Both the median and the paired fins are supported by an 
internal skeleton, consisting (i.) of a series of cartilaginous or 
bony, rod-like radial elements or pterygiophores, for the support 
of the inner or proximal portion of the fins, and (ii.) of a series 
of horny fibres, or bony dermal fin-rays, which fulfil a like 
function for the outer or distal portion. The radial elements, 
however, ^re never visible externally, even when, as in most 
Elasmobranchs, they support the greater part of the fins, 
inasmuch as they are invested by the fin-muscles and the skin ; 
and in the same group, where horny fibres complete the fin- 
skeleton, they too are covered by the spinose skin, and hence 
offer no external evidence of their existence. In the Teleostomi 
a marked reduction in the number and length of the radial 
elements of the paired fins, and the insinking of those pertaining 
to the median fins into the adjacent muscles of the body-wall, 
leaves the dermal fin-rays, with their thin covering of transparent 
and usually scaleless skin, as obvious features in the external appear- 
ance of the Fish, and apparently as the sole support of the fins. 

The dermal fin-rays of the Teleostomi exhibit an obvious dis- 
tinction into spines and soft rays (Fig. 93, A). The former are 
stout, rigid, and unbranched structures, pointed jat their free distal 
ends, which, im numbers differing in different genera and species, 
support the anterior portions of the dorsal, anal, and pelvic fins. 
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Soft lays aie flexible, blanched distally, and generally exhibit a 
tiansversely-jomted structure, when piesent m conjunction with 
spines they invariably lie behind the latter The piesence of 
both kinds of fin-rays, or of soft lays only, is one of the inoie 
obvious distinctions between the Teleostean groups of the Acan- 
thopterygii and the Malacopteiygii, of which the Peich and the 
Salmon respectively aie well-known examples Powerful spmes 
are fiequently developed in fiont of the doisal fin in many li\ing 
and extmct Elasmobranchs, and, tindei the general term of 
ichthyodorulites,” constitute the sole fossil remains of many 
extinct Devonian and Caiboniferous genera 

The caudal fin and the terminal portion of the tail exhibit 
inteiesting modifications which aie highly characteiistic of par- 
ticulai groups of Fishes In the embryonic and early larval 
stages of most Fishes the tapermg caudal extremity retains its 
coincidence with the axis of the body, and divides the caudal 
fin into two equal poitions, a doisal and a ventral lobe, the two 
being continuous round the tip of the tail , and this condition 
which IS certainly the most primitive, is termed '' protocercal ” 
01 diphycercal ” (Figs 238 and 309) Such a symmetiical 
tail, as we have seen, is retained in the Oyclostomata, and was 
also piesent in certain extmct palaeozoic Sharks (eg Pleura- 
cantlms), but it may be doubted if any existing Iish has a 
tail which IS truly and primitively diphyceical The Dipnoi 
(Fig 304) and the Orossopterygii, mcludmg fossil representa- 
tives of both groups, and perhaps a few Teleosts, seem to 
approach this condition , but it is by no means certain that the 
apparent symmetry is primitive, and has not been secondarily 
acquired In other Fishes the terminal part of the tail, 
including also its section of the vertebral column, is bent 
upwards, and is fnnged along its uppei border by the reduced 
dorsal lobe of the caudal fin, which, nevertheless, retains its con- 
tinuity with the ventral lobe round the tip of the tail The 
latter, oi rather its hmder portion, is strongly developed, but, 
owing to the prolongation of the up-tilted caudal axis beyond it, 
the dorsal lobe appears longer than the ventral, and hence there 
is a marked want of symmetry between the upper and lower 
division of the caudal fin (Fig 253, A) The Ostracodermi, aU 
living and nearly all extinct Elasmobranchs, the Acanthodei, 
Holocephali, some extinct Dipnoi, and amongst the Teleostomi, 
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tlie living Chondrostei and certain extinct Crossopterygii, afford 
examples of this iinsymmetrical or lieteroeercal type of tail. A 
third type is the homocercal.” In this type the caudal fin 
appears externally as if perfectly symmetrical, the supporting 
fin-rays radiating from the blunt extremity of the tail in such a 
way that a prolongation of the axis of the body appears to divide 
the fin into equal-sized and continuous iq^ier and lower lobes 
(Fig. 343). Dissection, however, reveals the fact that the 
terminal portion of the vertebral column is bent upwards as in 
the lieteroeercal tail, and that while the dorsal lobe is almost 
vestigial, the ventral lobe is enormously developed, and its 
supporting rays so inclined backwards parallel to the axis of the 
body as to form practically the whole of the caudal fin, with the 
exception of the dorsal border, which is formed by the few 
remaining fin-rays of the dorsal lobe (Fig. 140). A homocercal 
tail, therefore, is a disguised or masked lieteroeercal tail. It is 
specially characteristic of Teleosts, and is closely approached in 
the Holostean genera Le^pidost&us (Fig. 299) and Amia, which 
offer an interesting transition from the heterocercal to the homo- 
cercal types ; and, singularly enough, even the heterocercal tail of 
the Palaeozoic Shark Cladoselaclie (Fig. 249), seems as if it had 
undergone some degree of independent specialisation in the same 
direction. The homocercal tail exhibits much diversity of form in 
different Teleosts, sometimes being rounded or lancet-shaped, and 
sometimes having a deeply-forked hinder margin. One of the 
Eibbon-Fishes, Trachyptcrus taeoiia^ is singular in having the 
caudal fin on the dorsal side of the tip of the tail, and directed 
upwards like a fan. In some Teleosts, again, there is no recog- 
nisable upward deflection of the terminal portion of the vertebral 
axis, and the caudal fin-rays seem to be derived in equal propor- 
tions from the dorsal and ventral lobes of the fin (Fig. 414). 
This apparently diphycercal tail is probably a secondary acquisi- 
tion, and may be considered due to the atrophy of the terminal 
portion of the vertebral column, and the subsequent coalescence of 
the dorsal and ventral lobes of the caudal fin round the extremity 
of a more or less abbreviated tail. It is even possible that in 
some Fishes the proper caudal fin has completely atrophied, 
and that the apparent caudal fin has really been formed by a 
similar modification affecting the hinder portions of the dorsal and 
anal fins. In the extinct Crossopterygian genera, Goelacanfhus, 
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Diflurus, and Undina (Fig. 278), there is evidence that the latter 
modification has actually taken place, for the atrophying terminal 
part of the tail, with a vestige of the original caudal fin, is still 
retained as an axial prolongation between and even beyond the 
secondarily formed caudal fin. To this secondary diphycercal tail 
the term '' gephyrocercal ” has been applied. The apparent diphy- 
cercal tail of many Fishes, and especially of Teleosts, is really a 
gephyrocercal structure. The ancestral evolution of the different 
types of caudal fin is recapitulated in the embryonic histories of 
their possessors. The heterocercal condition of an adult Fish is 
always preceded by a transitory embryonic diphycercal stage: 
from the same starting-point the homocercal condition is 
attained after passing through a heterocercal stage ; while the 
gephyrocercal may perhaps be derived by degeneration from any 
one of the others. 

The normal function of the fins, both median and paired, has 
reference to locomotion in the form of progression, steering or 
balancing, but in not a few Fishes the fins may be variously 
modified and adapted for quite different purposes ; and especially 
is this the case in the dominant group of existing Fishes — the 
Teleostei Thus, to quote a few examples, the first dorsal fin of 
the Sucker-Fishes {Remora, JEclveneis) forms a cephalic sucker, 
by means of which the Fish attaches itself to Sharks and 
Turtles (Fig. 421); or, as in the Angler-Fish {Lo;phivs), its 
anterior rays are much elongated, and terminate in lobes which 
serve as a bait to attract the prey on which the animal feeds ; 
again, in some of the deep-sea Fishes the dorsal fin, like the 
pectoral and caudal fins in others of a similar habitat, is pro- 
duced into long trailing filaments whose use is probably tactile. 
The pelagic young of many Teleosts, such as some of the 
Eibbon-Fishes and the Horse-Mackerels {CaraTi^), also have 
certain of their fin-rays prolonged into similar filaments. 
The pectoral fins are enormously elongated and wing-like in 
the Flying-Fishes {Bxocoetui), and, after the fashion of a para- 
chute, serve to sustain the Fish in its flying leaps through the 
air. They are also similarly modified for a like purpose m the 
so-called Flymg-Gurnard {Bactylojpterus mlitans). The pectoral 
fins may also be used for progression on land, as in the African 
and East Indian Goby {PeT%opMlialmuB), where the fins are large 
and muscular and are applied to the ground like feet, enabling 
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the Fish to hop about the muddy or sandy flats left bare by the 
retreating tide, in pursuic of the small Crustaceans on which it 
feeds. In Qther Teleosts certain of the rays of the pectoral fin 
separate from the rest and from one another, and form free 
tentacle-like structures the use of which is probably tactile. In 
the Gurnards these organs are relatively short and stout, but in 
other Fishes they may form long slender fllaments twice as long 
as tire animal, and capable of being moved independently of the 
fin, as in the West African and West Indian species of Poly, 
nemidae (Peyitanemus quinquarius). Similar free rays are also 
present in some deep-sea Scopelidae, as in BatJiyjptcrois duUns, 
where they are nearly as long as the Fish itself (Fig. 371, B). A 
familiar modification of the pelvic fins in several Teleosts is their 
coalescence and more or less complete conversion into a ventrally- 
placed sucker-like organ of attachment, as in the common Lump- 
Sucker (Gyclojpterus) and the Gobies (Golius). In the gaudy 
Chilian Fish, Sicyases sanguineus (Fig. 428), the anterior part 
of a huge ventral sucker is supported by the jugular pelvic 
fins, and the hinder part by prolongations from the pectoral 
girdle. Certain Cyprinidae (e.g. Gastromyzon, which frequents 
the rapidly-flowing mountain streams of Borneo), have the whole 
ventral surface of the trunk, in conjunction with the outwardly 
and horizontally directed pectoral and pelvic fins, modified to 
form an efficient adhesive surface for attaching the Fish to 
the stones and rocks of the river bottom^ (P^g- 355). In the 
males of Elasmobranchs, except in the Palaeozoic Shark Clado- 
selache, and of Holocephali, the hinder portions of the pelvic fins 
are modified to form copulatory organs, the claspers, mixipterygia, 
or pterygopodia. Lastly, it may be mentioned that the spines, 
often long, pointed, and sometimes serrated, with which the paired 
and median fins of many Fishes are provided, furnish formidable 
offensive or defensive organs, especially when they are associated 
with poison glands, and also that in by no means an inconsider- 
able number of Teleosts the spines may form part of a stridulating 
vocal mechanism. 

In different Fishes the pectoral and pelvic fins and the 

^ Sucker-like modifications of the ventral surface of the body, in which the 
paired fins take no part, are present on the throat in many Fishes which frequent 
hill-streams, as in some small African and Asiatic Cyprinidae Te.ff. JHscocmailm) 
and a few Siluridae (e.g. Buglyj^tosterwijm), 
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median fins may, individually, all be absent through atrophy. 
The pectoral fins are rarely absent: nevertheless, in certain 
species of Syngnathidae, and in most Muraenidae, for example, 
these fins are entirely wanting. The pelvic fins are much less 
constant and are often absent in entire families, as in the Pipe- 
Fishes (Syngnathidae), the ‘'Electric Eels” (Gymnotidae), and 
the true Eels (Anguillidae), and in the Globe-Fishes and Porcu- 
pine-Fishes {Tetrodon^ Diodon), as well as in certain genera of 
families where they are usually present, as in some of the 
Blennies (Blenniidae) and in the OpMdiidae. Even when present 
the pelvic fins are often reduced to mere vestiges in the shape of 
filaments, as in some of the Gadoids (Gadidae) and Eibbon- 
Fishes, or are represented only by a pair of defensive spines, as 
in some Sticklebacks (Gastrosteus), or even by a single spine 
(Balistidae). Complete suppression of the pelvic fins, or their 
reduction to vestigial remnants, seems to be of frequent occur- 
rence in Fishes which live in the mud, or are able to pass a 
longer or shorter time in soil periodically dried during the hot 
season, as in some Cypnnodontidae, and in species of such tropical 
Teleostean families as the Ophiocephahdae, Galaxiidae, and 
Siluridae. Suppression of the dorsal fin is apparent in the 
Gymnotidae, and of the anal fin in the Eibbon- Fishes. In 
some of the latter family, as in the rare British visitor the 
Oar-Fish {Begalecus lanksH), and in the Sea-Horse {Hip'pocam;pv£), 
where the tail becomes a prehensile organ for coihng round sea- 
weeds when the animal is not swimming, the otherwise remark- 
ably constant caudal fin is absent. 

Art initial stage in the degeneration of median fins is to be 
seen in many of the Salmonidae and Siluridae, in which a 
posterior division of the dorsal fin becomes reduced in size, loses 
its fin rays, acquires much fat in its substance, and becomes an 
“ adipose fin.” 

The " lateral line ” is a notable feature in the external appear- 
ance of most Fishes. Originally developed in the superficial 
epidermis of the skin in the form of linear tracts of isolated 
and often segmentally arranged masses of sense-cells, these organs 
subsequently become imbedded for protection in the epidermic 
lining of either an open groove or a closed canal extending along 
each side of the trunk and tail, and prolonged on to the mote 
exposed parts of each side of the head in the shape of a more 
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complex system of branching grooves or of deeply-seated and 
externally inconspicuous canals. The course of the lateral line 
can, as a rule, readily be detected by the naked eye, and, even 
when not otherwise distinguishable, may be traced by the series 
of simple or multiple pores through which, at intervals, the 
canal communicates with the exterior (Fig. 93, A), and often also, 
in the trunk and tail, by a band of coloration different to that of 
the rest of the body. 

Coloration. 

Contrary to popular opinion, it may be doubted if any 
animals, even Insects or Birds, can vie with living Fishes in the 
brilliancy and changeability of their colours. The nature of 
their habitat, the rapid fading of the natural tints after death, 
and the fact that museum specimens, however carefully pre- 
served, afford but a ghostly resemblance to the colours of the living 
animal, account, no doubt, for much of the prevalent ignorance 
of the extraordinary extent to which colour-development may 
proceed in a considerable number of Fishes. Like the generality 
of northern forms of life, the Fishes of our own seas, rivers and 
lakes, are less conspicuous for vivid and striking coloration than 
those of tropical or subtropical climes, although such familiar 
Teleostean Fishes of our seas and fresh waters as the Mackerel, the 
Salmon and Trout, the males of the Stickleback and Dragonet, 
some of the G-urnards (Triglidae) and Wrasses (Labridae), the 
Opah or King-Fish {Lam;pris luna), and many others, are notable 
exceptions. Brilliancy of coloration is most conspicuous in the 
Teleostei ; in nearly all other Fishes the colours are more uniform, 
usually sober and often sombre, with no more variety than is 
afforded by the presence of dark spots or bands on a lighter 
ground, or vice vend, or by the lighter colour of the ventral as 
compared with the dorsal surface. In Teleosts all the resources 
of colour -formation, pigmentation, reflection, and iridescence 
through optical interference, in diverse combinations, are employed 
in the production of the various tints, while the dominant grotmd 
colour is often diversified by the presence of stripes, bands or 
bars, longitudinal or transverse, or of spots of different hues, 
frequently arranged in striking and intricate patterns. 

The possibilities of coloration in these Fishes may be briefly 
illustrated by a few cfxamples : — 
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In an Australian Fish (Plectropo'ma richardsom) the pre- 
valent ground colour of the body is a brilliant carmine, with a 
tendency to yellow beneath, and diversified on the back and sides 
with ultramarine spots of almost sapphire-like intensity.^ Certain 
Australian species of Beryx (B. affinis and B. mulleri) ^ have a 
similar ground-colour when freshly caught, but with various 
opalescent tints, chiefly blue and lilac reflections. In Polynemus 
vereker^ the ground colour is chrome yellow, with darker markings, 
the pectoral and caudal fins are bright orange, the remaining fins 
being a lighter shade of the same tint, and by contrast the long 
free filaments of the pectoral fins are a bright vermilion red. The 
Velvet-Fish (Roloxmus mtaneus), also a denizen of Australian 
seas, has a dominant colour of brilliant scarlet vermilion, or a 
mixture of vermilion and orange The skin has no scales and 
presents a singular pilose or velvety appearance.'^ It is, however, 
in some of the Pacific Trigger-Fishes (e.g. Monacantlnis) and 
Coffer -Fishes (species of Ostmcion) that the eccentricities of 
coloration are perhaps most strikmgly manifest, for not only are 
the prevailing colours of the most brilliant description, but the 
presence of differently coloured bands or stripes, often arranged 
in complex patterns, adds greatly to the gorgeous and singularly 
bizarre appearance of these Fishes. To quote one illustration, 
the male of the Tasmanian Coffer-Fish (Ostracion ornatus) ® has 
the back and sides of its body grass-green and its belly pale 
lemon : the caudal fin is orange-yellow, and the remaining fins a 
neutral transparent tint. The sides of the trunk and head are 
traversed by broad, irregular, and somewhat interrupted bands 
of the most brilliant ultramarme blue, the edges of which are 
sharply defined by dark chocolate-brown lines. Two or three of 
the blue body-bands are continued on to the caudal fin, where 
they curl into characteristic loop -like patterns. The lemon- 
yellow of the belly is further variegated by a reticulated pattern 
in pale blue. In the female, formerly regarded as a distinct 
species, the ground colour is not green but a pale pinkish-grey, 
or dove-colour, with local flushes of a more decided pink, and the 
belly is a pure yellow. The blue stripes of the male are repre- 
sented in the female by comparatively unbroken bands of a rich 
reddish-brown which, at the bases of the pectoral and dorsal fins, 

^ SaviUe Kent, The XTaturdhst m Axistrcfilid^ London, 1897, p 150. 

2 Ibid, p 167 ® Ibid p. 168 ^ Ibid, p. 17S. ^ Ibid. p. 188. 
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form an irregular spiral pattern. In both sexes the pattern of 
the longitudinal bands is never precisely the same in any two 
individuals. Scarcely less brilliant is the coloration of those 
Teleosts, notably species of Pomacentridao and Chaetodontidae, 
which frequent the coral reefs of the East Indian Archipelago 
and the Pacific and feed on the coral polypes, and of many 
of the Wrasses (Labridae). Many other groups, such, for 
example, as the Percidae, Cirrhitinae, and the Pipe-Fishes 
(Syngnathidae), include species in which the coloration is vivid 
and often beautiful, although less strildng than is the case with 
the Fishes mentioned above. As illustrating the oi^posite 
extreme in the scale of coloration, between which and the 
brilliant tints just described every conceivable gradation exists, 
mention may be made of the colourless appearance of those Fishes 
which, like the Kentuckian Blind-Fish s})ehte({), are 

denizens of subterranean rivers ; and, omitting a few species in 
which the coloration is almost brilliant, the prevalent sombre 
tints, dark brown or black, rarely relieved by spots, bands, or 
other distinctive markings, of the Fishes inhalnting the abyssal 
waters of the deep sea. 

The coloration of Fishes is due to the presence in the dermic 
portion of T}he skin of (a) special pigment-containing cells (colour- 
sacs, chromoblasts or chromatophores), and (&) a peculiar reflecting 
tissue composed of iridocytes.^ Chromatophores are probably 
branched connective-tissue cells in which pigments of various 
colours are deposited. The colouring matter present in different 
chromatophores is red, orange, and yellow, all of which belong to 
the lipochrome group of pigments, or black (melanin group), but 
by the combination or blending of differently-coloured chromato- 
phores other colours may be produced. Thus, green results from 
the mixing of yellow and black in suitable proportions ; brown 
from the blending of yellow and black ; and other shades or 
tints from an appropriate mixture of chromatophores of various 
colours. As a rule the muscles of Fishes contain but little 
haemoglobin, but, when visible through the skin, the occasional 
presence of this substance in localised patches may contribute 
a few red spots to the general coloration, as is the case in the 
British Flat-Fish LepidorhoTnlus megastoma, 

^ Cunninghani and MacMunn, TML Trans, 184, 1893, p. 766, where references 
to many other papers are given. 
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Iridoeytes consist of guanin, which, in its chemical reactions, 
closely resembles the guanin obtained from guano, and therefoie 
is to be regarded as a further illustration of the utilisation of 
waste excretion products for the production of colour in animals. 
In forming iridoeytes the guanin is deposited in the shape of 
granules, or of rounded, polygonal, or stellate bodies, or 
flattened plates Considered 
as an agent in the produc- 
tion of colour, the chief 
feature in the iridoeytes is 
their opacity and great re- 
flecting power ; and accord- 
ing to the way in which 
light is reflected from them, 
the result may be a chalky 
white or a bright silvery 
appearance. By interfer- 
ence these colour elements 
are also responsible for the 
prismatic colours and 
lirilliant iridescence which 
so many Fishes exhibit. 

The optical properties of 
guanin has led to its use in 
the manufacture of artificial 

pearls. Essence d’orient,” or ‘^blanc d’ablette,”^ from which 
these pearls are made, principally in Paris, is obtained from the 
scales of the Bleak {Allurnus Imidus), and is really the guanin 
of which the iridoeytes of this Oyprinoid are composed. It is 
also to the presence of crystals of guanin that the beautiful 
metallic lustre of the iris in many Fishes is due.^ 

The chromatophores and iridoeytes are chiefly disposed in two 
layers in tlie skin, one outside the scales and the other on the 
inner surface of the scales, between the latter and the under- 
lying muscles; and although the two kinds of coloration 
elements may be present in both layers, their relative abund- 


Pio. 94. — The coloi^tion elements in the skin of 
the Tipper side of a freshly -killed normal 
Plonnder {Plevronectes jimts), seen by trans- 
mitted light The stellate black bodies are 
the black chromatophores ; the grey bodies 
of similar shape represent the yellow chro- 
matophores , and the small grey plates the 
iridoeytes, (From Cnimingham and Mac- 
Munn.) 


^ Ablette is the French name for the Bleak. 

2 Either singly or in combination with lime (Gnaninkalk), guanin is often present 
in the tissues of Fishes (air-bladder, gall-bladder, snbentaneons Connective tissue, 
muscle-fasciae, peritoneum, and the retinal epithelium and tapetum of the eye). 
For references see Cunningham and MacMunn, op, cit, p. 781 et sag. 
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ance varies in different Fishes, and in different parts of the 
surface of the same Fish. ‘Where chromatophores are most 
abundant, usually on the back, the reflecting tissue is relatively 
scanty, and mce versd. On the sides and belly of a Fish the 
place of the inner layer of the dorsal surface may be taken by 
the argenteum.” This layer is devoid of chromatophores, and 
consists of reflecting tissue in which the iridocytes form a con- 
tinuous stratum, either in the form of granules, or as a close 
network of rod-like bodies or of polygonal plates in contact with 
one another, instead of being less numerous and more scattered 
as on the back. When iridescence is produced, it is due to 
the iridocytes of the outer layer of the skin ; the dead whiteness 
and silvery lustre, on the other hand, have their origin in the 
different ways in which incident light is reflected from the inner 
layer or argenteum. 

To the relative abundance of chromatophores, the kind of 
pigment they contain, and the manner in which they are dis- 
tributed and blended, combined with the different reflecting 
properties, or the iridescence, of the iridocytes, are due the extra- 
ordinary wealth and variety of colour in Fishes. 

The part played by the different coloration elements in the 
production of the characteristic colours of different Fishes may 
be illustrated by two examples.^ 

In the common Whiting (Gadus merlangus) the back of the 
Fish is a dark bluish-grey ; the sides have a beautiful iridescence 
and silvery glitter, while the belly is very nearly a dead white. 
Briefly, these appearances are due to the fact that chromato- 
phores (black and deep yellow) are most abundant on the back, 
less numerous on the sides, and wanting altogether on the belly j 
while the iridescence and silvery appearance of the sides are due 
to the iridescence of the iridocytes external to the scales, com- 
bined with the non-iridescent but highly reflective property of a 
layer of iridocytes internal to the scales ; and the dead white of 
the belly to the different reflecting power of the argenteum, and 
the absence of chromatophores in that region. 

In the Mackerel {Scomher scomhrus) the distribution of colora- 
tion elements is different, inasmuch as they are mainly situated 
in the deeper part of the skin, internal to the deciduous scales. 
The back is marked by the well-known alternating wavy bands 
^ Cunningham and MacMunn, op, dt, pp. 768 and 773. 
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of black and green; the sides gleam with the most brilliant 
iridescence, changing from silver to yellow or red gold, according 
to the angle at which the Fish is viewed The black bands of 
the back are produced by the crowding together of black chromato- 
phores and the diminished number of yellow ; the green bands by 
an equal blending of yellow and black. Over the dorsal surface 
and sides of the Fish, where the coloured bands extend, there 
IS also a reflecting layer external to the chromatophores, and 
to this layer is due the silvery reflection and iridescence. On 
the belly the disappearance of the chromatophores and the 
greater thickness and opacity of the argenteum account for the 
lighter colour and the dimmished iridescence and silvery glitter 
of this part of the skin. 

Many Fishes are known to have the power of changing their 
colours, and in some the change is rapid. Such changes are due 
to incident light reflected from surrounding surfaces, acting 
through the visual organs and the nervous system on the 
differently coloured chromatophores. The latter are capable of 
contraction and expansion. Expansion of any particular kind of 
chromatophores is accompanied by a diffusion of their pigment — 
black, red, orange, or other colour as the case may be — and, 
according to the number and distribution of the chromatophores 
affected, the prevailing tint or tints of the whole body will be 
intensified, or only spots, bands, patches, or flushes of colour will 
be produced. Conversely, when chromatophores contract, they 
may shrink up to mere dots and bring about a diminution in 
the vividness of their respective colours, or even an alteration of 
colour, seeing that yellow chromatophores become orange when 
contracted, while orange or red appear brown or black. Colour 
changes of this kind may be artificially brought about. Experi- 
ments with Sticklebacks {Gastrosteusf, kept in glass dishes with 
a bottom of black or white tiles, have shown that the Fishes 
over the white tiles became partially bleached, while others with 
a background of black tiles retained thek original coloration. 
Bleached Fishes exposed to the white tiles for a relatively short 
period (three to ten days) tend to regain their original colour 
when subsequently removed to a background of black tiles, but 
prolonged exposure to the former conditions (five to six weeks) 
seems to render the acquired light colour more or less permanent* 

^ A. Agassiz, BvM, Mus. Comp. Zool.^ Camb. XJ.S A , xxiii. 1892, p. 189. 
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The interior of a Minnow-can is sometimes painted white, so 
that the bait may assume a lighter colour, and thus become more 
conspicuous in the deeper and darker water where Perch and 
Pike abound* Hence the colour of a Fish may vary with its 
surroundings ; and, as will shortly be shown, tlio capacity for 
producing such changes under natural conditions is of the 
greatest importance to Fishes in various ways. 

Change of coloration may take place through the develop- 
ment of new chroma tophores under the iutiuoiice of new condi- 
tions, and is then comparatively slow. Artiticial illumination of 
the unpigmented white side of a Flounder (Flcimmrcfes Jlmis), 
by means of a mirror, induces the formation of chromatophores, 
and produces a coloration more or less closely resembling the 
upper pigmented side.^ A similar change sometimes occurs as a 
natural variation, and is then usually associated with structural 
deformity in other respects. 

Coloration also varies with age, sex, ill-health, and even with the 
emotions. Young or immature Fishes are often marked by bands, 
bars, or blotches of colour (r.ff, the Parr-maiks of young Sal- 
monidae), which, as they disappear when the Fish approaches the 
adult state, are perhaps residual traces of ancestnil coloration ; 
although, no doubt, change of habits and surroundings are some- 
‘times responsible for such colour changes as arc observal)le during 
growth. Conspicuous coloration is ono of the most frequent of 
secondary sexual characters, the colours of the male being brighter 
than those of the female, particularly during the breeding season. 
A diminution of colour has been noticed in the artificially-induced 
pigmentation of the lower side of a Flounder when the Fish was 
sujffering from partial suffocation owing to the temporary failure 
in the supply of fresh water, the normal colour returning when 
the deficiency had been remedied. A similar pallor was caused 
by fright when the same Fish was disturbed.^ A nocturnal colour- 
change has been recorded in the Tasmanian Trumpeter (Latris 
hecateiay In addition to the olive-green longitudinal bands 
which are always apparent, there are visible at night five broad, 
transversely-arranged, blackish bands. As illustrating the im- 
portance of vision in colour-changes, it may be mentioned that in 
a specimen of this Fish, living in a tank, which had been blinded, 

^ Cunningham and J^acMunn, op. cit. p. 791, et seq. 

2 3id. p. 800. 8 Saville Kent, Amtr. p. 168. 
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probably by a rat or a cat, the dark bands were permanently 
retained. 

Changes of coloration sometimes take place, which either have 
no discernible relation to age, condition, or surroundings, or are 
brought about by domestication; and in individuals of the same 
species there is often a wide range of colour- variation, which is 
sometimes, but not always, associated with particular localities. 
In some fresh-water Fishes a yellow colour may replace the 
original tint (xanthochroism). The usually dull greenish Tench 
{T%nca 'culgaT'bs) occasionally becomes a bright orange -yellow. 
Another Cyprinoid, the common Gold Fish {Cyjpmnus auratus), in 
its wild state in China is also a dull brown or green, but, when 
domesticated, assumes in the first year of its life a black colour 
(melanism), then a silvery hue, and finally the vivid ruddy golden 
colour of the adult; occasionally, hut rarely, the Fish is an 
albino. 

The value of a particular coloration in Fishes, either as an aid 
to concealment and protection from enemies, or by enabling them 
to secure their prey, may now be illustrated by a few examples. 

As previously shown, the colours of Fishes may be artificially 
varied according to their surroundings. Changes of a similar 
kind occur naturally, and when they tend to assimilate the tints 
of the Fish to the prevalent hues of its surroundmgs, and con- 
sequently aid concealment, we have examples of what has been 
termed variable protective resemblance. Individuals of the same 
species vary in colour according to the opacity of the water they 
live in, becoming darker in muddy or peaty water, and brighter and 
lighter in shallower or clearer water. Trout caught in a stream 
with a gravelly or sandy bottom are lighter in colour than those 
obtained from a muddy stream, and it is well known that the 
same Fish changes colour as it passes from the one background to 
the other.^ In a lake in County Monaghan, Ireland, the Trout are 
darker on that side which is bounded by a bog, but are of the 
beautiful and ^rightly variety generally inhabiting rapid and 
sandy streams on the opposite side where the bottom is gravelly ; 
and narrow as the lake is, the two kinds of Trout appear to con- 
fine themselves to their respective areas.^ Trout obtained from a 

^ Poulton, The Oolovars of Animals^ Internat. Scientific Series, London, 1890, 

p. 82. , 

^ Percy St. John, quoted by Day, of Qreciit ISriioMi wnd Jreloiiiidf London, 
1880-84, ii p. 68. 
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Stream near Ivy Bridge have become much lighter since the pollu- 
tion of the water by white china clay.^ As an illustration of the 
necessity of vision to such colour-changes, it may be mentioned 
that blind Bishes cannot vary their tint in this protective fashion. 
A blind Turbot living upon a light sandy bottom differed from 
its fellows in being much darker and more conspicuous. Dark 
Trout have been observed among their light-coloured brethren in 
a chalk stream in Hampshire, but the former were invariably 
blind, probably, as their larger size indicated, through age.^ 

Of other forms of protective resemblance, reference may be 
made to the bottom-feeding Flat-Pishes (Pleuronectidae), many of 
which have the upper surface of the body coloured with various 
shades of brown, speckled with black or light specks or blotches, 
in harmony with the prevailing tints of the sandy banks which 
usually form their feeding-ground. Wlien disturbed these Fishes 
court concealment, and render themselves still less conspicuous by 
partially burying themselves in the sand. Many of the Skates 
and Bays, which have a white ventral surface, have the back 
mottled and coloured in accordance with the colour of the sea- 
bottom, but in this case it is possible that the advantage lies 
in enabling the Fish to secure passing prey by concealing its own 
whereabouts. 

Striking examples of protective coloration occur among the 
Pipe-Fishes and Sea-Horses (Syngnathidae), which usually frequent 
groves of Zostera, Fucoids, and other sea-wceds. A British 
species of Pipe-Fish {Bi'phonostoma which lives among the 

blades of the sea-grass, ZosUra^ is olive-green in colour, and is a 
typical example of protective resemblance both in colour and in 
the slender elongated shape of the body. Similar protective re- 
semblances are noticeable among the Sea-Sorses, the coloration 
varying with the general hue of their environment of sea- weed; but 
the climax is certainly reached by the singular Australian species, 
Phyllopteryx eques (Fig. 388).^ In this Fish the skin is produced 
into numerous long, flattened, branched filaments, which are pro- 
longed from the extremities of spine-lilce outgrowths of the dermal 
skeleton, and marked by alternate bands of brown and orange,® 

^ Poulton, op. dt. p. 82. 2 jlid, p. 86. 

3 Cunningliam and MacMmm, op. cit. p. 773. 

^ C. Stewart, quoted by Poulton, op. cit. p. 67. 

® Saville Kent, op. cit. p. 186, describes the colours of the living Fish as ** various 
shades of light crimson and lilac.” 
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thus resembling both in shape and colour the fronds of the sur- 
rounding fucoids and other manne algae amongst which the Fish 
lives. 

Many of the Fishes frequenting the coral reefs of the East 
Indian and Pacific areas, especially those belonging to the Teleo- 
stean families Chaetodontidae and Pomacentridae, have a most 
brilliant and vivid coloration, frequently marked by bands or 
stripes of different tint. So far from rendering these Fishes 
unduly conspicuous, there can be little doubt that, by harmonising 
with the striking and varied colours of the anemone-like coral 
polypes, their coloration is distinctly protective ; and it is mter- 
estmg to note that similar colour-patterns have been indepen- 
dently reproduced in both families.^ Even the reef-frequenting 
Flat-Fishes (Pleuronectidae) have the usually sombre upper surface 
ornamented by vivid colours and strikmg patterns. 

Pelagic Fishes, like the Herring, Mackerel, Flying-Fish {JSxo- 
coetus), and many others, often have the belly and sides silvery or 
white, and the back dark green, black, or steely blue. Seen from 
below against the light sky, or viewed from above against the 
background of the dark water, these Fishes would seem to be 
practically invisible to their predatory foes, whether Fishes or 
Birds, or at all events not easily detected. 

Coloration may not only be protective, but also aggressive, by 
helping to conceal the proximity of an animal from its prey ; add 
to this some device for deceiving and attracting the prey, and we 
have an example of “ alluring ” coloration ^ 

As an example of coloration which is both aggressive and 
alluring, the Angler-Fish or Fishing-Frog (LojpMus piscatorius) of 
our own coasts may be quoted. Naturally sluggish and inactive 
in its habits, and often using its muscular pectoral fins for crawl- 
ing about the sea-bottom, the Angler-Fish usually hides itself in 
the sand or amongst sea-weeds, which it closely resembles in 
general colour. Curious branched tag-like processes of soft skin 
fringe the sides of the head and body, and in appearance and 
colour resemble the smaller fronds of the surrounding sea-weed. 
So far the coloration is simply aggressive, and helps to conceal 
the Fish from its prey, but in addition the animal is provided 
with a special device for luring its prey within the reach of 
its capacious and Frog-like mouth. The first three spines 
^ Gunther, Study of Fishes^ London, 1880, p. 624. ^ Poulton, op. p. 72. 
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of the dorsal fin are detached from one another and greatly 
elongated, and moreover extend along the middle of the dorsal 
surface of the head. The first, which is the longest, terminates 
in lobes or lappets of skin, and can be freely moved in every 
direction by the muscles inserted into its base. By the agita- 
tion of this lure or bait smaller Fishes, probably mistaking the 
disturbance for the presence of a wriggling worm, are tempted to 
their fate, and soon find themselves engulfed in the enormous 
mouth of the artful angler.^ In some allied forms (e.g. Ceratias 
l)is;pino$us and Oneirodes eschrichtii) ^ which live in the abyssal 
darkness of the deep sea, use is made of the attraction which 
light has to aq^uatic animals, and the fishing-rod spine termi- 
nates in a phosphorescent organ, which is probably used for 
enticing smaller Fishes within the reach of the jaws of these 
singularly modified Angler-Fishes.® 

It is by no means improbable that examples of warning ” 
coloration occur amongst Fishes. The brilliant colours of some 
of the Trigger-Fishes (Balistes, MonaocLntlhui)^ Coffer-Fishes 
(Ostraoion), and Globe -Fishes (Tetrodon) are perhaps of this 
nature. They are often associated with the presence of strong 
spines, defensive and often erectile, either in connexion with the 
dorsal fin or on the general surface of the body, and may therefore 
serve the purpose of a danger signal to such predatory foes of 
these Fishes as might otherwise be tempted to attack them — 
to the mutual advantage of the Fishes themselves and their 
would-be enemies. The British Weever-Fish (^Trachinus) may 
perhaps offer another example of warning coloration.^ The Fish 
is armed with poisonous spines on its opercula, and, in addition, 
has a conspicuous black dorsal fin. When the body of the Fish 
is buried in the sand, only its projecting dorsal fin remains to 
indicate its whereabouts to predatory Gurnards, which might 
otherwise mistake the Weever for harmless Fishes of similar 
size and habits. The existence of “ recognition ” colours or 
markings peculiar to the species, to enable individuals of the 
same species to recognise one another and to keep together in 
shoals, has not yet been proved. It is probable that the relatively 

^ For another view of the use of the “lure,” see Cunningham, Marketable 
British Marine Fishes ^ London, 1896, p. 338. 

^ Gunther, ChMl, BeportSf Zool. vol. xxii. 1887, p. 50, 

* Suggested by Liitken ; Gunther, l,c, 

* Garstang, quoted by Poulton, op, dt, p. 165. 
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limited range of vision, even in the clearest water, would render 
coloration unsuitable for this purpose. Eecognition sounds are 
likely to be far more effective, and there is evidence of their 
production by a special vocal mechanism in many Fishes.^ 

The examples given above show how natural selection may 
lead to the evolution of distinctive forms of coloration which are 
advantageous to the Fish either for concealment, aggression, or 
protection, and in conclusion it may be pointed out that by the 
same cause colour may be eliminated or its development checked 
if in any way harmful to the animal ; and further, that if a par- 
ticular coloration becomes useless to the Fish by reason of a 
change in its habits or environment, natural selection ceasing to 
act where its intervention is no longer necessary to maintain the 
coloration, the latter will sooner or later tend to disappear. 

The absence of pigment is sometimes protective. The surface- 
swimming larvae of many Teleosts have no chromatophores, and 
therefore no obvious pigmentary colours. Their bodies are so 
translucent that they can be seen through, and hence are visible 
only with difficulty. The transparency of the body may even be 
increased by the absence of the red haemoglobin of the blood, as is 
the case with the pelagic Leptocephalus-laxYBie of the Eel.^ The 
iridocytes of the reflecting tissue may also disappear under the 
influence of changed surroundings. The larvae of various species 
of Onus (G-adidae) are silvery in hue during their pelagic 
career, owing to the presence of iridocytes in the skin, but on 
becoming mature they change to a dull dark colour, and live undef 
stones or in holes and crevices in the rocks. During the change 
of habit the reflecting tissue (argenteum) is lost, and the needful 
chromatophores are acquired.® 

Instances of the loss of pigmentary colours, owing to the 
cessation of the controlling influence of natural selection, are to be 
found in the absence of chromatophores on the white under surface 
of the Flat-Fishes, where such colours are useless but not 
necessarily harmful, and in the colourless, cave-inhabiting Fishes, 
of which the Blind-Fish (^ATribilyopsfis^ of North America may be 
taken as an example. 

^ See p. 364. ^ E. Bay Lankester, Froc, Boy, Soc, 1873, p. 70. 

® Cunningham and MacMunn, op. Cfit, p, 781. 
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Poison Glands of Fishes. 

A few Teleosts are provided with weapons of offence or 
defence in the shape of poison-glands, probably derived from the 
epidermis, and associated with spines on the gill-covers, or in 
connexion with the dorsal fin, or with both. 

The two British species of “Weever ” {TracUnus draco and T. 
m;pera) are both provided with poison-organs in connexion with 
a spine on the operculum and with the five or six spiny rays of 
the anterior dorsal fin.’- The first of these spines is a structure 
projecting backwards from the hinder margin of the opercular 
bone of the gill-cover, and is traversed along both its uxiper and 
lower margins, from base to point, by a deep groove. Except at 



riQ. 95 . — ^The opercular spine of Trachinus diaco and its poison-glands. ai\ Articula- 
tion of the opercular bone with the hyomandibular j (jl.gtj the two poison- 
glands ; qp.wi, opercular membrane ; opercular spine ; r, outer ridge oi the 
spine ; sh, sheath of the spine. (Fiom W. Newton Parker.) 

its protruding naked point the spine is ensheathed in an oxten- ^ 
sion of the external skin. Along each of the grooves there 
extends a solid pear-shaped mass of gland-cells, the broad base of 
which coincides with the base of the spine, while the gradually 
tapering, narrower portion is continued as far as the sharp point. 
The glands enclose no cavity, and there is no duct, so that what- 
ever poisonous fluid their cells secrete is probably set free by the 
rupture of the cells and discharged into the grooves, along which 
it passes to the point of the spine, somewhat after the fashion of 
a hypodermic syringe. The origin of the gland-cells from an in- 
pushing of the epidermis is indicated by the continuity of the 
two structures near the point of the spine. Both in structure 
and in their relation to poison-glands each of the spines of the 
^ "W. Newton Parker, F,Z,S, 1888, p. 369. 
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dorsal fin is almost precisely similar to the opercular spine. 
There is no evidence as to how the poison is ejected into a 
wound, and it can only be conjectured that it may be caused by 
the pressure exerted on the gland when the spine is forcibly 
thrust for some distance into the flesh. Certain it is that these 
structures are capable of mflicting painful and troublesome 
wounds when the Fish is incautiously handled and the skin 
accidentally punctured, and no doubt they can be used with 
great effect as offensive organs. 

A similar poison apparatus exists in certain species of Batra- 
chidae, such as Thalassojpliryne reticulata} which is by no means 
uncommon at Panama. This apparatus is formed by a spmous 
outgrowth from the opercular bone and by the first two dorsal 
spmes. Instead, however, of having two grooves, the opercular 
spine resembles the fang of a venomous snake, and is perforated 
by a complete canal which is only open at the base and point of 
the spine. A poison-sac at the base of the spine discharges its 
contents into the canal. The nature of the glands which secrete 
the poison has yet to be discovered, but it is probable either that 
there are glands in connexion with the poison-sac, or that the 
latter is lined by a glandular epithelium. The structure of the 
dorsal spines is similar. In some species of the Scorpaenoid 
genus Synancia ^ (e.g. S, mrrucosa, from the Indian Ocean), the 
ternnnal portions of the dorsal spines are deeply grooved on each 
side, and at the origin of each groove there is a pear-shaped bag 
containing a milky poison. The bag is prolonged into a duct which, 
after traversing the groove, opens at the extremity of the spine. 

Many Siluridae are armed with powerful and often serrated 
dorsal and pectoral spines which are certainly capable of inflict- 
ing dangerous wounds, and not a few of them possess a sao-like 
organ with an external opening in the axilla of the pectoral fin. 
It IS possible that the sac secretes a poison for anointing the 
spine, but at present there is no evidence that such is the case, 
or that the sac produces any poisonous secretion at all® 

Among the Elasmobranchs the Eagle-Eays (Aetobatis)} and 
the Sting-Eays (Trygo7h\ have barbed or serrated spines on the 
tail, which inflict wounds far more severe than those caused by 

^ Guiitlier, Trans, Zool, Soc, vi. 1869, p. 487. 

2 Ibid , of Fishes^ Edinburgh, 1880, p. J91. 

® Ibid. p. 192 . * Ibid. p. 190. 
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mere mechanical laceration ; but, except the mucus secreted by 
the gland cells of the skin, which may possess venomous pro- 
perties, no special poison-forming glands in connexion with the 
spines are at present known. 

Phosphorescent Organs.^ 

In common with many other animals of similar habitat, 
phosphorescent organs (photophores) are highly characteristic 
structures in many deep-sea Teleosts belonging to widely different 
families (e.g. Stomiatidae, Scopelidae, Halosauridae^ and Anoma- 
Ujpidae), These organs probably had their origin in local aggre- 
gations of the gland cells of the epidermis, which had acquired 
the power of secreting a luminous slime. Luminous organs vary 
greatly in number and in their mode of distribution in the skin. 
Usually they are found on the sides and ventral surface of the 
body and head, very rarely on the dorsal surface, and they often 
present the appearance of brightly glistening jewels set in the 
skin. A very frequent method of arrangement is in one or two 
longitudinal lines along the lateral and ventral surfaces, sometimes 
extending continuously from the head to the end of the tail (Fig. 
371, A, and Fig. 379), but occasionally interrupted and limited to 
portions of the body and tail ; and in a few a distinctly meta- 
meric disposition is obvious. On the other hand, the very numerous 
and simple organs of Opostomias are disposed in many transverse 
bands along the sides of the Fish. In addition to these organs, 
which are usually numerous, and whose arrangement is linear, 
specially large and often structiurally complex luminous organs are 
present on different parts of the head and body. In Opostomias 
micripnus there is a phosphorescent organ on a median barbel 
depending from the chin. Sternoptyx diaphana has one on the 
lower jaw. The presence of one or two organs beneath the eyes (Fig. 
96) is characteristic of several species (e.g. Opostomias micripnus, 
Astronesthes niger, Pachystomias microdon, Scopelus henoitii, Mala- 
costeus indicus). Opostomias micripnus has a luminous organ on 
the isolated and elongated first fin ray of the pectoral fin, while in 
certain deep-sea Angler-Fishes (e.g. Ceratias) there is one on the 
anterior cephalic fin-ray of the dorsal fin. The Scopelid Ipnops 

^ Lendenfeld, Ghall, Reports, ZooL xxii, 1887, p. 277. For references to papers 
by Leydig, XJssow, Emery, and others, see Lendenfeld, <?p, cit 
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'muTTay%'^ (Fig. 371, C) has a singular organ, probably luminous, 
beneath the transparent superficial bones of each side of the roof of 
the skulL Another member of the same family {Scopelus henoitn) 
is interesting in having a phosphorescent organ in the middle of 
the back, which is directed backwards. An American genus of 
Batrachidae {PoricMhys) has about 350 photophores in relation 
with the lateral sense-organs of each side of the head and body.^ 



Fig. 96. — Pachystcmias 'nncrodon, showing the two rows of phosphorescent organs 
along the side of the hody, and the anterior and postenor suborhiti luminous organs. 
(After Gunther.) 


The existence of luminous organs has also been noticed in the 
Haddock (Gadidae).^ A primitive form of photophore, distributed 
in considerable numbers on the head and trunk, either in lines or 
diffused over the surface, exists in eleven species of Selachii 
(Sp^nacidae), of which some are known to be lummous.*^ 

Diversity of structure is equally marked. The essential part 
of each luminous organ is always a collection of gland cells, 
usually disposed so as to form the lining of a series of radially 
arranged gland-tubules in the deeper part of the organ, which 
also contains ganglion cells, and is supplied with nerves from 
contiguous spinal or cranial nerves. The simplest form of phos- 
phorescent organ consists of little more than these essential 
elements. In the more complex organs an investing pigment- 
sheath, reflecting 
and lens-like struc- 
tures, and an iris 
diaphragm, either 

singly or in com- sf 



bination, may be Fig 97 . — Opostcmias mion]mv>s. Median section of a simple 
AA 1?* phosphorescent organ, Radial gland tubes. (Alter 

aaaea. Jjlg. y/ Lendenfeld.) 

represents one of 

the simplest types of phosphorescent organ, which, in groups of 


^ Moseley, Challenger JReports, Zool, xxii, 1887, p 267. 

2 C. W. Wilson, Journ. MorpK xy, 1899, p. 667. 

® Burckhardt, Ann, Mag. Nat. Mist. (7), vi. 1900, p, 568. Ihid op cit. p 558. 
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50 to 100, are arranged in transverse btinds on the sides of 
Opostomias micrip^iuSy and appear as small white spots on the 
otherwise black skin of this Fish. 

Each organ has the shape of a biconvex lens, sunk to about 
half its thickness in the skin. The inner lialf is formed of 
radially-arranged gland tubes filled with small granular cells, 
and converging towards the centre of the oigan. Into the con- 
nective-tissue walls of the tubes extend blood-vessels and nerves. 
External to the gland tubes there is a layer of long slender cells 
arranged perpendicularly to the surface, and more externally 
still a layer of ganglion cells. There is evidence that these 
organs multiply by division. Such simple phosphorescent organs 
as these differ little from the groups of epidermic gland cells, 
which probably formed the evolutionary starting-point in the 
development of these singular structures. 

A much more complex type of luminous organ is to be found 
in the suborbital organs of Pachydomias microdon, of which 
there are two on each side, appearing as conspicuous white 
masses, one in front of the other, and situated just below the 
eye. The more anterior of the two organs is somewhat pouch- 



shaped in section, its walls 
consisting of several con- 
centric layers (Fig. 98). 
Externally there is a layer 
of black pigment, within 
which is a stratum of 
irregular gland tubes. More 
internally still there is a 
thick layer of light-reflect- 
ing spicules, probably de- 
rived from an inverted and 


Fig. ^^.^Pachystomias microdon. Section of modified dermal SCale. The 

“i«l P«« of the organ i. 
like diaphragm ; Z, lens-like body ; J0.5, pig- occupied bv a number of 
ment sheath; s, layer of light -reflecting tit j j. 
spicules. (After Lendenfeid ) radial -disposed structures, 


probably similar to the 
gland tubes of the simple organs of Opostomias, and continuous 
with a lens-like structure which, as it were, closes the expanded 
mouth of the pouch. The superficial skin which forms the 
margin of the aperture partially projects over the outer surface 
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of the lens-like body, somewhat after the fashion of an iris- 
diaphragm. The organ is supplied by a branch of the fifth 
cranial nerve. Between such simple and complex organs as 
those above described there are various other types which are 
more or less intermediate in character. 

A particular type of phosphorescent organ is not necessarily 
restricted to the same species ; both the simplest and one or more 
of the more complex types may be represented in the same Fish. 
Thus, Opostomias which frequents depths of over 2000 

fathoms, has not only the simple organs described above, but also 
others differing from the former in having an external pigmentary 
sheath, which are scattered all over the body at intervals of 1 to 
3 mm. There are also larger and still more complex organs which 
are disposed in two parallel rows along each side of the body ; 
and finally, the same species has special luminous organs on a 
median chin-barbel, and also on an elongated fin-ray pertaining 
to the pectoral fin. 

The light emitted by phosphorescent organs is probably of use 
to deep-sea Fishes in enablmg them to seek and detect their 
prey in the sunless depths which they frequent. The position 
of the organs on the sides and ventral surface of the body, and 
the frequent presence of special luminous organs in the vicinity 
of the mouth, render them admirably adapted to light up the 
water in front of and beneath the Fish, while the existence of 
optical accessories for intensifying the luminous beams, and for 
regulating their distribution, combined with an abundant nervous 
supply, suggests that the emission of light is under the control of 
the Fish, and may be varied as the occasion requires. That 
these organs may also be defensive, in some instances at all 
events, seems not improbable. A flash-light from the dorsal 
luminous organ or “ stern-chaser ” of Scojpelus ’beno%tii would 
probably dazzle and frighten an enemy in hot pursuit of the 
Sco;pelus, The use of phosphorescent organs as baits or lures 
for enticing prey has already been alluded to. There is some 
evidence that the colour of the emitted light differs in different 
Fishes ; and as there is considerable variety in the precise dis- 
position of the organs, it seems probable that in deep-sea Fishes 
recognition lights may take the place of the recognition colours 
and sounds of those whose lot is cast in a sunnier habitat. 
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THE SKIN AND SCALES 

The skin of the Cyclostomata and Pishes consists (1) of the 
epidermis, formed of several layers of epidermic cells, which are 
constantly being recruited by the division of the cells of the basal 
layer ; and (2) of a stratum of connective tissue with intermingled 
unstriped muscle -fibres, blood-vessels and nerves, which con- 
stitutes the deeper layer or dermis. Prom the epidermis are 
formed the various unicellular or multicellular glands with which 
the skin is provided ; and from one or both of the skin layers 
originate the different calcareous structures which constitute the 
hard exoskeleton. 

In the Cyclostomata the epidermis is particularly rich in 
goblet-shaped, mucus-secreting, gland-ceUs. The Myxinoids also 
possess numerous pockets of so-called " thread-ceUs.” In each of 
these cells the protoplasm secretes a long spirally-coiled thread, 
and under the influence of appropriate stimuli the thread is shot 
out and unwound to a great length. The threads and the mucus 
are so abundant that one of these animals will convert a bucket 
of water into a thick mass of jeUy. No scales or other hard 
exoskeletal structures are present in any of the Cyclostomata, 

In Pishes mucus-glands are also abundant in the epidermis, 
and to th^ activity is due the slimy mucus which lubricates the 
surface of the body.^ They are specially numerous in the Dipnoi' 
(e.g. Frotoj^Urus), wfiere, in addition, there are many simple multi- 
cellular glands which secrete the " cocoon ” or capsule in which 
the Pish is enclosed during the dry season. Prom the epidermis 
are derived the poison-glands of some Teleosts, and also the 
“glandula pterygopodia ” in relation with the claspers of the 
male Elasmobranchs. The glandular structures in connexion with 
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the phosphorescent organs of the deep-sea Fishes will no doubt 
be traced to the same source. 

In the great majority of Fishes the skin becomes the seat of 
calcareous deposit, and gives rise to such diverse exosbeletal 
structures as the varied forms of spines and scales with which 
the surface of a Fish is invested.^ These structures, probably 
the most ancient form of Vertebrate skeleton owing its existence 
to the presence of lime salts in the tissues of the body, present 
highly characteristic modifications in the different groups. 

Exoskeletal structures are of two kinds: (1) those which 
owe their formation to the secretory activity of cells belonging both 
to the epidermis and the dermis, and (2) those which are derived 
solely from the dermis. To the first belong the dermal denticles 
or so-called placoid scales of most Elasmobranchs, and to the 
second the scales which form the skin-skeleton of living and 
extinct Teleostomi and Dipnoi. With the exception of enamel, 
which is always formed by the cells of the epidermis, the hard 
exoskeletal tissues owe their existence to the secretion of certain 
cells of the dermis (scleroblasts),^ the inclusion of which in a 
growing calcifying tissue is the cause of whatever cellular struc- 
ture the tissue may present. It will shortly be apparent that 
the dermic scleroblasts are by no means uniform in their pro- 
ducts, and that in different Fishes they give rise to widely 
different hard tissues. 

The dermal denticles or shagreen ” of the ordinary Sharks 
and Dog-Fishes (Elasmobranchii) probably represent the most 
primitive form of exoskeleton. In the development of a dermal 
denticle a papilla of the dermis grows up into the overlying 
epidermis, pushing before it the basal layer of epidermic cells, 
which forms an investment to the papilla and constitutes the 
so-called "enamel organ’’ (Fig. 100). The papilla itself sub- 
sequently becomes converted into dentine, leaving, however, a 
central pulp-cavity, while the apex of the papilla is invested by 
a cap of enamel formed by the enamel organ. Ultimately the 
base of the papilla widens out into a more or less rhomboidal 
basal plate formed of bone. In this way there is formed a 

^ Wilhamson, Fhil. Trans, cxxxix. 1849, p. 435 ; Hertwig, Morph. Jdhrb. ii. 
1876, p. 328 ; v. 1879, p. 1 ; vii. 1882, p. 1 ; Klaatsch, %b. xvi. 1890, p. 97 tt seq., 
p 209 et seq. 

2 Elaatsch has since affirmed the epidermic origin of the scleroblasts, ibid. xxi. 
1894, p. 153. 
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pointed, enamel-tipped spine of dentine which protrudes through 
the epidermis, and projects backwards on the surface of the body, 
hut is firmly fixed in the skin by the basal plate with which it 
is continuous. The centre of the under surface of the basal plate 
is perforated for the entrance of the blood-vessels which pass to 
the cannlflT- pulp in the axis of the spine. In the adult Fish 
the denticles form a fairly close-set covering to the whole body, 
including the head and even the surfaces of the fins, and are 
larger on the dorsal than on the ventral surface (Fig. 99). In 
the Hays {Baia) they are more sparsely scattered, and in different 
parts of the body may form spines of considerable size for offen- 

s Fig. 99. — Surface view 

of the dermal den- 
ticles of Scylliim 
sp., showing their 
arrangement in 
oblique transverse 
rows. Basal plate ; 
c, canal which per- 
forates the basal 
plate and becomes 
the axial pulp-cavity 
of the spine ; /.6, 
intersecting fibrous 
bands of the dermis ; 

spine ; in the 
spine of one scale the 
dentinal tubules are 
shown. The smaller 
denticles are those 
most recently 
formed. (After 
Klaatsch.) 

give or defensive purposes. The spines vary greatly in shape in 
different members of the group, sometimes being acutely pointed, 
and sometimes flattened or depressed, and often they are furnished 
with smaller accessory spines developed at their bases or from 
the surface of the basal plate. An arrangement of the denticles 
in oblique transverse rows is observable in some genera (e.g, 
Scyllium). In the Saw -Pishes (e.g. Pristis) the denticles 
which fringe the lateral margins of the long flattened rostrum 
are not only enormously enlarged, but are implanted in sockets 
and form the teeth of the saw (Pig. 262). In the Holocephali 
the smooth skin is almost entirely devoid of exoskeletal struc- 
tures, but dermal denticles are present on the frontal and anterior 
claspers, and in the young there may be a double row of small 
denticles along the back. 
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In the remaining groups of Fishes, the Teleostomi and the 
Dipnoi, the spine of the primitive dermal denticle is either 
evanescent or entirely wanting, while the equivalent of the basal 
plate remains to form the unit of a scaly armature. Evidence 
of this may he found in the presence of transitory evanescent 
spines, provided with an enamel-cap, secreted by the basal epi- 
dermis, on the developing rhomboidal scales, as in the young 
Le]p%dosteus^ (Fig 101), while the entrance of blood-vessels into 
the scales through perforations on their inner surfaces, as in 
Polyptervs and Lepidosteus, obviously recalls the perforated base 
of a dermal denticle (Fig 99). The epidermis now ceases to 



Fig 100. — ^Vertical section tlorongli the skin of an emhryo Shark. C, Dennis , cccd^ 
layers of the dermis ; E, epidermis ; e, enamel organ ; 0 , enamel layer ; p, papilla of 
the dermis. (From Wiedersheim, after Gegenhaur.) 

take any part in the formation of the scales, and hence enamel 
no longer enters into their structure. A more regular and definite 
arrangement of the scales is noticeable, and whether distinct, or 
articulating with one another, or overlapping like the slates on 
the roof of a house, they are usually disposed in a series of 
successive oblique transverse rows. In some of these Fishes the 
embryonic epidermic covering of the scales becomes lost, and 
their outer surfaces are naked. More frequently, as in the 
generality of Teleosts, and in the Dipnoi, the reverse is the case, 
and the scales are more or less completely invested both by the 
dermis and the epidermis. As regards their shape, size, and 
minute structure there is much variation. In some Teleostomi 

^ Klaatscli, Morph. Jahrl. xvi. 1890, p. 125 ; Nickerson, Bull. Mm. Comp, Zool, 
Sarvard, xsiv, 1898, p. 115. 
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the primitive rhomboidal shape of the dermal denticle is retained ; 
in others a rounded or cycloid scale supplants the earlier rhombic 
type. Within the limits of the same group {e.g. Crossopterygii) 
there are examples of the independent evolution of a cycloid from 
a pre-existing rhombic squamation ; and with the introduction of 
the cycloid type an overlapping or imbricated disposition of the 
scales always takes the place of the marginal articulation of the 
rhombic type. 

As to the causes which may have determined the shape and 
mutual relations of scales interesting suggestions have been made.^ 
Scales bear a segmental relation to the subjacent muscle-segments 
or myotomes, sometimes being disposed in oblique transverse rows 



Fig. 101. — Development 
of a scale m 
dosteus osseus x 330. 
& Basal plate, with 
included bone cells, 
at first distinct from 
the spine ; e, enamel ; 
e.o, enamel organ ; 
ep, epidermis, with 
large gland cells ; 
p, dermic papilla 
which forms the ves- 
tigial spme ; Scl, 
scleroblasts. (From 
Eiaatsch.) 


coinciding with the latter, or the rows may be so far increased as 
to be multiples of the myotomes. Trom mechanical considerations 
depending on the sigmoid shape and interdigitating relations of 
the myotomes and their separating fibrous septa or myocommata, 
and the attachment of the myocommata to the dermis, the con- 
traction of the myotomes during the lateral flexions of the trunk 
in swimming has a tendency to wrinkle the skin into definitely 
circumscribed rhombic areas, thus deternodning the shape, limits, 
and disposition of the scales which are developed in those areas. 
The rhombic was probably the primitive shape of scales, and is 
certainly characteristic of the palaeontologically older types of 
scaly rishes. Generally the rhombic condition is associated with 
a peg-and-socket articulation between the upper and lower margins 
of adjacent scales. But a rhombic squamation is not without 

^ Ryder, Proc. Acad, Nod, Sd, FMladelphiaj 1892, p. 219 ; Smith "Woodward, 
Nat, JSd, lii. 1893, p. 448. 
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disadvantages, and would certainly impose some restriction on the 
lateral flexures of the body in swimming, and hence in the different 
groups of Fishes it may happen that, in the more specialised forms, 
an imbricated cycloid squamation supersedes a rhombic condition, 
and with the change the Fish acquires greater lateral mobility. 
Even in the same Fish the gradual substitution of the cycloid for 
the rhombic type may be observed. In the Australian Aetlieole;pis} 
a, fossil genus related to the European Liassic Dajpedius, there is a 
gradual transition along the sides of the body between the articulated 
rhombic scales of the relatively immobile trunk and the cycloid 
overlapping scales of the flexible tail ; and it may be mentioned 
that, even where a typical rhombic squamation exists, the peg-and- 



Fig 102 — Acipenser nith- 
enus. A, Side view of 
the trunk of a speci- 
men 30 cm. in length 
(nat. size) ; d, dorsal 
row of plates , f, t\ 
lateral rows ; between 
the rows of large 
scutes may be seen the 
mimerons small den- 
ticles which are repre- 
sented ( X 10) m B , 0, 
one of the large scutes 
( X 10) (From Hert- 

wig.) 


socket articulation may be wanting in the caudal region, so as to 
ensure greater freedom of movement. Mechanical considerations 
may also explain the overlapping of cycloid scales. From the 
mode of attachment of the myocommata to the dermis, the con- 
tractions of the myotomes, through the pull which they exert on 
the former, tend to deflect or depress the scale-areas, particularly 
at their anterior margins. 

In the surviving Crossopterygii, as in Polyjpterus, the scales 
are rhomboidal and thick, and they only shghtly overlap. They 
articulate with one another by means of marginal peg-and-socket 
articulations (Fig. 106, B). A thick layer of hard, glistening, 
enamel-like substance or "" ganoin ” forms the outer layer of the 
scale ; the inner layer consisting of bone in which dentinal 
tubules as well as bone-cells are present. In the numerous fossil 
members of the group the scales are either rhomboidal or cycloid. 

^ Smith VToodward, op* ait* p. 449. 
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The oldest representatives of the Chondrostei, the Palaeonis- 
cidae (Pig. 283) possessed a complete armature of rhombic 
scales, but in all the surviving members of the group the scales 
have undergone considerable modification in some respects, and 
in others are degenerate. In the Sturgeon {Acipenser)'^ the 
primitive rhombic sijuamation is retained only on the sides of 
the terminal part of the tail, and there they are in close apposi- 
tion in oblique rows. The rest of the body is traversed by five 
widely-separated longitudinal rows of large bony scutes, which, 
like the rhombic scales, are furnished with ridges and projecting 



Fig. 103. — Surface view of 
tlie rhombic scales of 
a young Lepidost&us. 
In two scales the parts 
which are overlapped 
by adjacent scales are 
shaded, c, Position of 
the central canal which 
perforates the inner 
surface of each scale ; 
/.&, intersecting fibrous 
bands of the dermis ; s, 
vestigial spines. (After 
Ellaatsch.) 


spines (Fig. 102). Between the rows of large scales there are 
numerous denticle-lihe structures arranged in oblique rows. Each 
of these consists of a basal plate imbedded in the dermis, and of 
one or more projecting spines which perforate the epidermis. 
All the scales have the same minute structure, consisting mainly 
of bone ; but the surface layer and the spines seem to be composed 
of a hard laminated substance from which bone-cells are absent 
(ganoin). In Polyodon the scutes are wanting, but vestigial 
denticles are retained. 

Among the Holostei the scales are very different in the two 
surviving members of the group. In Lefidostms (Fig. 103) the 

1 0. Hertwig, Jahrb, ii. 1876, p. 374 ; Klaatsch, svi. 1890, p. 146. 
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scales are rhombic, and both in arrangement and structure, as 
well as in them method of articulatmg with one another, thev 
closely resemble those of Polypterus. In Amia} on the contrary, 
the relatively thin scales are cycloid in shape, and in their im- 
'hricated arrangement, in their enclosure in pouches of the demds, 
and in the absence of any superficial covering of ganom, they 
are very similar to the scales of the more tj^iical Teleosts (Pig. 
295). The resemblance extends even to histological structure, 
for each scale consists of an outer layer of bone, which gradually 
passes into an inner fibrous stratum. 

In Teleosts the usually thin and fiexible scales are primarily 
developed from dermic papillae, but subsequently they come 
to lie in pockets or pouches in the dermis. As a rule no 
spines are developed, and so far no trace of an enamel organ 
has been detected during their development. The scales in their 



Fig 104. — Diagrammatic 
longitudinal section 
through the skin of a 
Teleost to show the 
position ot the scales. 
d, Dermis , ep^ epi- 
dermis ; scale. 
(After Boas.) 


dermal pouches are disposed obliquely to the surface of the 
body, so that the hinder part of one scale overlaps the anterior 
portion of the scale next behind it (Fig. 104). Only the free 
hinder part of each scale has an epidermic investment (Fig. 105). 
In minute structure each scale consists of an outer layer of bone, 
which, like the bone of the endoskeleton, may either be homo- 
geneous except for a feeble lamination, or it may contain bone- 
cells arranged in successive layers, parallel to the surface of the 
scale. In addition, there is an inner fibrous stratum in which 
the fibrous bundles in any one plane cross those in planes above 
or below them. The scales are either '^cycloid,’' that is, they 
have smooth, unbroken margins (Fig. 105), or the free margin of 
each scale is produced into a series of tooth-like spines, and the 
scale is said to be “ ctenoid ” (Fig. 106, A). 

Some Teleosts, however, have scales which are neither cycloid 
nor ctenoid, and in certain features seem to be intermediate 
between ordinary Teleostean scales and dermal denticles. Thus, 
on certain parts of the body of Omfriscus^ each scale consists 

^ Klaatsch, op. (yit, p. 178. * 0. Hertwig, Morph* Ja^krh* vii. p. 15, 
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of a rhombic basal plate, produced into a curved, backwardly- 
inclined spine, the axis of which contains a pulp-cavity opening 
on the inner surface of the basal plate (Fig. lOY). Some ]\d!al- 



PiQ, 105 Cycloid scale of SaZmo fano. Fig. 106. — Ctenoid scale; B, “Ganoid” 

a, Anterior portion covered by overlap scale. (After Gnntber ; from Parker and 
of preceding scales ; &, free portion Haswell.) 
covered only by pigmented epidermis. 

(Fiom Parker and Haswell.) 


thidae (e.g. Malthe have similar scales, but with round basal 
plates and solid spines (Fig. 108, B). Similar scales (Fig. 109), 
sometimes rhombic in shape, with one or more spines, which may 
be simple or branched, are also found in the 
Sclerodermi (e.g, Balistes, MonacantJms, THa- 
canthus)? 

Amongst some of the usually scaleless 
Siluroid Fishes the scales assume a very 
peculiar structure. In Hyjpostoma^ (PUco- 
stomus) the sides and back of the Fish are 
covered by large bony plates, but on the 
under surface and on the fins these are 
replaced by much smaller ones. Both kinds, 
however, carry numerous small movable spines 
implanted in sockets (Fig. 110), a fact which 
suggests comparison with a stage in the de- 
„ _ ^ velopment of the scales of Lepidosteus, when the 

IPiQ.X^l.—Centnsaussco- . t t . . 

lopax. A, Scale from independently formed and evanescent spmes 
in® have not yet fused with the basal plates. 

^e of tbe pectoral In other Teleosts, as in the Agonidae 
and some Triglidae, the body is completely 
cuirassed with large keeled bony plates. 
The singular appearance of many of the Plectognathi is largely 
^ 0. Hertwig, Morph, Jahrh, vii. p. 7. * Ibid. vii. p. 29. ® Ibid, ii. p. 334. 
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the result of the curious modifications which their scales 
undergo In some of 
the Coffer-rishes (Os- 
tToc%07h) these struc- 
tures assume the form 
of polygonal bony 
plates which suturally 
articulate with one 
another and enclose 
the trunk in a rigid 
cuirass, from which the 
scaleless tail protrudes 
behind (Fig 438); 
while in some Grlobe- Pig. IO 8 — Scale of A%Um/rLar%U8 hispidust x 100 , B, 
Fishes and Porcupine- Heitw^g ) x 100 . (After 

Fishes (e g. Tetrodon, 

Diodon) the prolongation of the scales into strong erectile spines 

equally well serves the pur- 
pose of protection (Fig. 43 9). 

Most Teleostomi have 
the scales along the " lateral 
hne ” perforated by smgle or 
multiple apertures, through 
which the sensory canal 
communicates with the 
exterior. 

In a few Teleosts scales 
are entirely absent, as in 
most Siluridae ; or they 
exist only as microscopic 
vestiges hidden in the skin, 
as in Eels; or, as in such 
naked forms as Antennarius 
maTmoratus and Lepado- 
gaster, and in some Silu- 

Fig. 109 — ^A, Scale of Baiistes cajonscmy x 20 ; ridae, they become reduced 
B, scale Oi Monacanthus scqpas.x 20 (After nanillae of the 

Hertwig.) ^ ^ 

dermis. 

The concentric rings observable (Fig. 105) on the surface 
of many Teleostean scales are an index to the age of the 
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rish.^ The formation of these rings depends on the fact that 
the lines of growth on the surface of the scale are more widely 
separated from one another on that portion of the scale formed 
during summer, and relatively closer together on that part which 
is formed during the winter ; the more rapid growth in the warmer 
season probabiy being due to favourable conditions as to food 
and temperature, and the retarded growth of the colder season to 
the reverse. Hence, by counting the alternating zones of close- 
set winter lines and less closely approximated summer lines of 
growth, a reliable clue may be gained as to the age of the Fish. 

In the Dipnoi,^ as in Teleosts, the scales are enclosed in 
dermal pockets, and exhibit a regular, imbricated disposition in 



Pig. 110 . — Hypostoma com,’ 
mersonii. A scale from 


oblique rows (Fig. 304, A). In shape they 
are nearly cycloid, or slightly oval, with 
the long axis coinciding with that of the 
body. Structurally, also, they bear some 
resemblance to Teleostean scales, although 
differing in details. On the outer surface 
of the scales there are numerous small 


mdrs’s significance, other than 

the spmi (s) ’ is im- as an example of evolutionary convergence, 
fih-om^HertwigO^^^ attached to the resemblance between 

the scales of Fishes so widely separated as 
the Dipnoi and the Teleosts. 


AU known fossil Dipnoi had scales of a similar character, 
although differing greatly in size in different genera. In some 
(e.g. Dipterus) a layer of enamel-like substance invests the 
exposed portions of the scales. 


^ Hoffbauer, “Die Altersbestimmung des Karpfen an seiner Sclmppe.’' Jahresb. 
des SeklesiscTierb Fischerei-Vereins, 1899; J. Stewart Thomson, Joum. Marine Biol, • 
Assoc, vi. Ko. 3, 1902, p. 373. t 

® Giinther, FMl. Trans, clxi. 1871, p. 616 ; Elaatsoh, op. cit. p. 209. 


CHAPTER VIII 


THE SKELETON 

All Fishes possess an internal skeleton which, in order that it 
may be distinguished from the more superficial scaly exoskeleton 
described in Chapter YIL, is termed the endoskeleton. The 
latter consists (i ) of an axial part, including the vertebral column 
and the skull , and (ii.) of an appendicular portion, consisting of 
the skeleton of the hmbs and their supporting pectoral and 
pelvic girdles 

The Vertebral Column.^ — The individual segments or vertebrae 
which, arranged in a hnear series, collectively form the vertebral 
column, are highly complex structui-es, each being formed by a 
number of vertebral elements, the sum total of which constitutes 
a vertebra. Perhaps the best conception of the nature of vertebral 
elements is to be gleaned from the study of such primitive Fishes 
as the Elasmobranchs, in which not only are all the veitebral 
components present, but they are less modified by suppression 
and fusion than in most other Fishes, and on this account they 
afford a convenient introduction to the study of the puzzling 
eccentricities of vertebral structure in other groups. Selecting 
any common Dog-Fish, sudi as Scyllinm canicula, and starting 
with an early embryonic stage, it may be stated that the first 
indication of a vertebral column is the formation of the notochord, 
which, invested by its chordal sheath, extends from the tip of 
the tail to a pomt on the under surface of the brain just behind 
the hypophysis or pituitary body. Subsequently, a number of 
cartilaginous pieces are developed in connexion with the dorsal 

^ This portion of the chapter is mainly based on the important researches of Dr. 
Gadow and Miss Abbott See Phi Trans, 186, 1895, p. 163 et $eq, where copious 
leferences to the work of other writers are given. 
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and yential surfaces of the notochoid which^ as they foim 


portions of a system of doisal and lential aiches, aie termed 
“ aicualia (Fig 111) On the doisal side theie aie (i ) a series 
of paired hcisi-dorscd cartilages (neurapoph} ses or neuial arches) 
the two elements of each pan contiibuting to foim the side walls 
of the neural canal in which the spinal cord is lodged (Fig 112 
A) 5 (ii) a series of inte^ -dorsal caitilages (inteicalary neiual 

aiches), legularly alternating with 
the pieceding and completing 
the walls of the neuial canal b} 
filling up the inteivals between 
the basi-doisals , and (iii ) a series 
of supa-doTsal elements, t}pi 
cally also in pans, but in the 
Dog-Fish fused to loim single 
median caitilages Of the lattei 
theie aie two sets — one the 



Fig 111 —A side view of precauclal verte 
brae of Scylhim camoida , B, similai 
view of caudal ’veitebrae hd Basi 
dorsal c centrum , h basi ventral 
h s haemal spine , % d inter dorsal , 
p parapophvsis , r r b , s d supra 
dorsals The vert cal dotted lines 
indicate the limits of neuromeres and 
myotomes The small circles represent 
the e\its of the doisal and \ entral loots 


supra -h(tsi-do7 sals, oi neui al 
spines, aie situated over the basi 
dorsals, and the other, suj^ut- 
i7iter-do7 bids, alteiiL‘iimg with the 
formei, lie o\ei the intei-doisals 
the two senes forming the key 
stones of the dorsal aiches, and 
thus completing the root of the 
neuial canal On the venti al side 


of spinal nerves (After Kidewood ) notochord this aiiange 


ment is substantially repeated by a series of venti al aicualia, 
which, however, are somewhat differently arianged in the 
trunk and tail Thus, in the tiunk there are (i ) a senes of 
lasi-ventral or haemal cartilages, conesponding with the basi- 
dorsals above, which grow out lateially into short piocesses, 
the parapophyses or transverse processes, and terminate in 
(ii ) short, slender cartilages — the costal elements oi r^h $ — which 
may perhaps be regarded as the ventral eqmvalentb of supra-basi- 
dorsals The nbs project outwaids into the doisal wall of the coelom 
and end in the myocommata separating the myotomes of the body- 
wall In the tail the basi-ventrals lose then nbs and, growing down- 
wards mto ventral prolongations, they unite in pairs beneath the 
caudal artery and vem, and so foim a senes of inverted aiches 
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(Jiaevial arches) enclosing a haemal canal (Fig. 112, B). The apex 
of each arch is prolonged into a median process or haemal sj^tne. 
Although not recognisable in the Dog-Fish, paired inter-%e%tnil 
cartilages, corresponding with the inter-dorsals above, are ])resent 
in some Elasmobranchs and alternate with the basi-ventrals In the 

caudal region of others (e g Skates and Bays) ventral counterparts 
of the supra-mterdorsals are present, and are termed mfra-rentral 
cartilages Much in the same way that their dorsal equivalents 
enclose a neural canal, so the ventral arcualia partially surround the 
viscera-containing coelom in the trunk, and in the tail, but more 
completely, the 
vestigial coelom 
of that region or 
the haemal canal. 

The different 
vertebral compon- 
ents are by no 
means of equal 
morphological 
value. The basi- 
dorsals and basi- 
ventrals, and the 
inber-dorsals and 
inter- ventrals, are 
the primary elements and the most important. The supra-dorsals 
are merely cartilages segmented off from the basi-dorsals and inter- 
dorsals, while the ribs and the infra-ventrals are similarly derived 
from the basi- ventrals and inter-ventrals respectively. As to the 
vertebral elements which collectively form a vertebra in the Dog- 
Fish, it would seem from evidence afforded by the neuromeres,^ and 
more especially by the facts of development, that each complete 
skeletal segment or vertebra consists of a pair of basi-dorsals with 
the preceding pair of inter-dorsals, and of a pair of basi-ventrals 
with the next succeeding pair of inter-ventrals. It must be 
emphasised, however, that, considered as a joint or segment m a 
flexible back-bone, a vertebra is a physiological unit, the morpho- 
logical value of which may differ widely in different Fishes. 
Hence, in other Fishes, the grouping of vertebral components to 

^ Keuromeres are body-segments defined and limited by tbe exits of tbe suc- 
cessive pairs of spinal nerves from tbe neural canal. 



Fig. 112 — A, transverse section of a piecaudal veitebra, 
similar section of a caudal veitebra A.«, Haemal arch 
(basi-ventrals) , li c, haemal canal , lx.s^ haemal spint , t*, 

neural canal. Other reference letters as in Fig. Ill 
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form individual vertebrae may be quite different to that which 
takes place in the Dog-Fish, and may even be accompanied by 
their more or less complete fusion. 

In the more primitive types of vertebral column, such as 
are characteristic of many fossil and not a few existing Fishes, 
arcualia alone are present, and remain associated with a per- 
sistent notochord which has grown with the growth of the 
animal. In the more specialised Fishes, on the contrary, the 
need of an axial support for the body, which, while retaining 
the necessary flexibility, must possess greater strength, has 
resulted in the development of a series of solid cartilaginous, 
calcified or bony, discoidal joints or segments, the centra, which 
siuTOund and more or less completely replace the notochord, and, 
while supporting, form also a bond of connexion between the 
dorsal and ventral arches. Notwithstanding their superficial 
resemblance, an important developmental distinction is to be 
noted in the mode of formation of centra in different Fishes, 
which enables one kind to be distinguished as ''chorda-central' 
and another as “ arch-central ^ Chorda-centra are centra formed 
by the conversion of the chordal sheath into a series of ring-like 
cartilaginous segments, which subsequently, by a process of inward 
thickening, become biconcave, disc-like structures, and more or less 
completely replace the notochord, except in the spaces between 
them. Arch-centra, on the other hand, owe their formation to 
the growth of the bases of the primary arcualia round the noto- 
chord, external to the chordal sheath, and their subsequent fusion 
to form annular segments, which, later, become biconcave centra. 

' Of Fishes which possess vertebral centra the Elasmobranchs alone 
I have chorda-centra; the Holostei and the Teleostei, and very 
probably the Crossopterygii also, having arch-centra. The Dipnoi 
and the Holocephali, and the Chondrostean Teleostomi are acent- 
rous — that is, they are devoid of vertebral centra and possess a 
persistent notochord. Neither in their embryonic development nor 
in their evolution in time are the different vertebral components 
synchronous in their appearance. Developmentally, the arcualia 
are the first to be formed, and of these those on the dorsal aspect 
of the notochord appear earlier than their representatives on the 
^-entral side, while the centra are the last of all ; and in a general 
way the palaeontological sequence agrees with the embryological. 

^ Gadow, op, cit, p. 190. 
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The independent evolution of a more specialised \eitebicil 
column fiom a more piimitive one may often he traced within 
the limits of the same group of Fishes when the moie ancient 
geneia aie compared with the more recent In the Elasmo- 
bianchs and the Crossopteiygn, for example, the oldest known 
t}pes weie acentious, while the more recent have acq^uired calci- 
hed 01 bony centra, and altogether they have reached a more 
advanced stage of vertebral evolution Some Fishes like the 
Chondiostei and the Dipnoi, seem, howe\ei, to exhi])it com- 
paratively little advance in vertebral structure, since both the 
Palaeozoic and the living representatives of these groups agiee 
in being acentrous 

Some of the more notable features in the structuie of the 
vertebral column in the Cjclostomata and Fishes will now be 
briefly considered 

In the C}clostomata the acentrous vertebral column is moie 
primitiv e than in any other Cianiates, and in the Lamprey it 
consists of a persistent notochord, supporting a senes of isolated 
cartilages on each side of the spmal coid^ As two pairs of 
these cartilages are included in each neuromeie it is possible 
that they represent alternating basi-doisals and mtei-dorsals 
There are no ventral arcualia m the trunk and no ribs In the 
Hag-Fish {Myxine) the dorsal cartilages are restricted to the 
tail 

The description of the vertebral column of the Dog-Fish may 
be taken as fairly applicable to Elasmobranchs in general, and 
hence only certain notable features m some other members 0+ 
the group need be referred to here The most primitiv e Elasmo- 
branchs, the Palaeozoic genera Gladoselache and Fhuracantlius 
were acentious, although calcified iings have been observed in a 
Permian species of the latter genus and scattered calcifications 
in others Some of the earlier Mesozoic genera (eg Hylodus) 
were also devoid of centra, at least in the trunk-region The 
first indication of complete centra occurs in the Lower Lias 
Cestraeiont, Palaeos^fincu' ^ All the later extinct, as well as all 
existing forms, have more or less well-developed centra, hardened 
by the deposit of lime salts m their primitively cartilaginous 

^ Schneider, z mrgl Anat u ^ntwickl , Berlin, 1879, p 61, also 

Gadow op dt p 196 

2 Smith Wood-ward, Brit Mus Gat Fossil Fishes^ Pt 1 1889, p T7 ii 
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substance, but never in the foim of tiue bone The mode in 
which the lime is deposited is marked by certain peculiarities 
which aie characteristic of paiticulai families^ (Fig 111) In 
some geneia, as in the extinct Falaeospinax and the living 
Acantlnas and Scymnus, the calcified poition of each centium 
takes the form of a cylinder constricted acioss the middle, like 
two cones joined apex to apex (cj^clospondylic ) This condi- 
tion IS probably the most primitive, but it may be modified in 
other genera by the further addition of calcic salts in two 
different ways Thus, the deposit may take place by the simple 
addition of concentric layers to the original constricted cylinder 



Fig 113 — Schematic transverse section thiouoh the mid He ol a C j clospondylic (A) a 
Tectospond^lic (B) and an Asterospondylic veitebra (C) d Middle portion ot the 
calcified double cone , d , additional concentnc calcified laj ers , d , double cone 
with radiating calcified layers ex itif external elastic membrane h a, haemal aich , 
n 05, neural arch , n c notochordal cavity (Fioin Zittel, alter Hasse ) 


(tectospondylic), as in the Skates and Eays , or it may take the 
form of a senes of longitudinal plates radiating outwards from 
the cylinder, and giving use to a star -like pattern m cross-section 
(asterospondylic), as in Scylhum and Lamna In most livmg 
Elasmobianchs (eg Scylhum), but not in such genera as JSfuh- 
danui>, HeterodonUis, and Squatina, the bases of the dorsal and 
\ entral arches grow round the centra and meet, or even fuse, so that 
the latter become surrounded by rings of cartilage which, after a 
fashion, suggest incipient arch-centra (Fig 112, A) The caudal 
portion of the vertebral column is often described as ''diplo- 
spondylic,” that is, there aie two centra, two pairs of basi- 
dorsals, two pairs of inter-dorsals, and two pairs of basi-ventrals, 

^ 'B.&shQ, Das 7iaturhe}ie Syst d Ma^smdbramkim , etc, Jena, 1879, p 30, et seg[ 
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or 111 other words, two vertebrae to each nenromere^ TFio- 

111, B) 

The Holocephali have a vertebral columii essentially similar 
to that of other Elasmobranchs, but of a more primitive type (Fig 
1 14 ) The notochord IS persistent and there are no centra, butring- 
like calcifications, four or five 
to each neuromere, occur in the VX 
chordal sheath in Chimaercii 
although not in Callorliynchus, 

Eibs are absent. In the whip- 
like terminal portion of the 
tail the arcualia and the 
notochord become replaced by 
a slender continuous filament 
of cartilage. 

In the more obvious fea- 
tures of vertebral structure 
the Dipnoi^ have much in 
common with the Elasmo- 
branchs, especially with cer- 
tain of the acentrous Palaeo- 
zoic representatives of that 
group. The notochord is per- 
sistent, centra are wanting, 
and the different vertebral 
components continue to retain 
their primitive distinctness. 

On the other hand, the basi- 
dorsals are much better devel- 
oped than the inter-dorsals, 
which are either vestigial or 
absent. The basi-dorsals unite in pairs over the spinal cord to 
form complete neural arches, and each arch supports dorsally 
the legs of a A -shaped, gable-like element or neural spine, which 
probably represents a pair of fused supra-basidorsals. Ventrally, 
there are basi- ventral cartilages, fused in pairs beneath the noto- 
chord, and supporting well - developed, bone - ensheathed ribs. 



Fia 114. — ^A, transverse section of the verte- 
bral column of Chimaera monstrosa, B, 
lateral view, c r, Calcifietl ring , h.r^ basi- 
ventral , int, inter-dorsal , neural arch 
(hasi - dorsal) ; nch^ notochord, nch sk, 
chordal sheath ; n sp^ neural spine (supra- 
dorsal). (Fiom Parker and Haswell, after 
0 


^ Gadow, op. cit. p. 194 ; Ridewood, Jov/rn, Linn. Soc Zool. xxvii. 1899, p. 46 
2 Gunther, Phil Trans. 161, 1872, p. 526 ; ’Wiedersheim, Morph, Studien^ Jena, 
1880, Pi. 1 . p 65 , Gadow, op cit. p. 198 
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Inter-ventrals appear to be absent Each neuromere corresponds 
with a pair of basi-ventrals, of basi-dorsals and of inter-dorsals. 
The haemal aiches and spines are formed partly by the basi- 
ventrals, but mainly by the ventral union of the successive pairs 
of ribs. As in the Holocephali, the terminal arcualia of the tail 
become fused into a straight axial cartilaginous filament, trans- 
versely divided into segments, which replaces the notochoid 



Fig. 115. — Side view of tlie precaudal vertebrae of a Sturgeon [Acvpens&r stwrio), a.c. 
Aortic canal, formed by the median union of ingrowths from the basi-ventrals and 
inter-ventrals of opposite sides; h d, basi-dorsals ; h.% basi-ventral ; id, intei- 
doisal ; z r, inter - ventral , notochord; wc, neural canal; n.s}), neural spine; 

nt.s, cuticular sheath of the notochord , p, paiapophysis ; r, iib ; s.n, aperture for 
the root of a spinal nerve. 

Each segment supports a variable number of dorsal and ventral 
gable-pieces, or neural and haemal spines. Certain of the verte- 
bral components, such as the ribs, and the neural and haemal 
spines, are ensheathed by membrane bone. 

"With certain modifications in details the preceding descrip- 
tion will also apply to the vertebral column of the Chondrostei 
(Fig. 115). It will he noted, however, that the inter -dorsals 
are much better developed than in the Dipnoi, although when 
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compared with the basi-doisals they take hut a roiaII &haie in 
foiming the walls of the neural canal 'VYell-de\ eloped hut 
somewhat fragmentary inter-ventials are present The haemal 
arches and spines are formed hy the downgiowth and \entral 
union of the hasi-ventials as in the Dog-Pish, and appaientlj 
without the aid of costal elements In Pohjodo% the iibs are 
vestigial, ^ hut in Ac'i,;pense7 they are well de\ eloped The neural 
arches and spines, and their haemal representatu es in the tail, 
ind also the iihs, are partially ossified or ensheathed hy hone 
In the evistmg Ciossopterygu, Holostei, and Teleostei, popularlj 



Fig 116 — BnjjTam to ilhis 
trate the giouimg of 
\ ertebral elements to form 
■vertebrae A inanElasrao 
branch B, in ‘itma and 
C in Lepid stms B Z>, 

Basi dorsals Iasi 

■ventrals /i), intei 
dorsals I T , inter \cnt 

rals c inter \ erte 

bral cartilage divided bj 
a concavo conves. cleft 
c, precentrum , pt e 
postcentrum The squai e 
blocl s represent indi 
vidual vertebrae and the 
oblique lines, the attach 
ments of the myocommata 


known as the bony Fishes/’ the vertebral column assumes a moie 
familiar charactei, and at the same time we meet with inteiesting 
illustrations of the different methods by which the separate com- 
ponent vertebial elements of the more primitive types of "back- 
bone ” are concentrated togethei in groups, and fused to form that 
complex physiological product, the complete bony vertebra^ In 
most of these Fishes each vertebra is formed by the aggregation 
and fusion of a pair of basi-dorsals and a pair of basi-\entials, 
and mcludes, in addition, a pair of inter-dorsals, which may 
either be the pair in front of the basi-dorsals or the pan behind,, 
and also a pair of inter-ventrals, which, similarly, may be the 
^ Bridge, F ZS 1897, p 722 ® Gadow, qp cti p 201, et seq 
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pair in front or behind the basi-ventrals (Fig. 116). The product 
of this fusion is a series of bony vertebrae, each consisting of a 
biconcave arch-centrum, which includes the fused basal portions 
of a pair of basi-dorsals and a pair of basi-ventrals. The distal 
portions of the basi-dorsals form the neural arch, while the rib- 
bearing parapophyses are lateral outgrowths from the basi- 
ventrals which otherwise have become merged in tlie centrum. 
Finally, the centrum is completed by its fusion with a pair of 
inter-dorsals and a pair of inter- ventrals. Supra-dorsal elements 
may also be included as minor contributory factors. The supra- 
basi-dorsals co-ossify with their basi-dorsals and then unite to 
form the ordinary unpaired neural spine of most bony Fishes, or, 
as in Amia, they remain distinct from each other, and are obvious 
as a double spine. In Le^idosteus these elements co-ossify with 
the neural arches and form the post-zygapophyses. Supra-inter- 
dorsals have been identified in the embryo as distinct elements, 
but their eventual fate is not always known. In Lepidosteiis they 
persist as distinct cartilages in the adult (Fig. 118, A). Well- 
developed bony ribs are usually present. The haemal arches of 
the tail are formed by the downgrowth of the parapophyses and 
their ribs, or by the latter alone, and by their ventral union to 
form haemal spines ; consequently, each arch always includes a 
pair of costal elements. With such general features in common 
there are certain notable variations in some of these Fishes, to 
which brief reference may be made. 

Little is at present known of the development of the 
vertebral column in either of the only two existing genera of 
Crossopterygii, Folypterus^ and Galamichthys, and hence the 
precise mode of grouping of their vertebral components to form 
vertebrae is unknown. The condition of the vertebral column 
in the fossil forms varies greatly in different families, but in 
none is it so specialised as in the surviving members of the 
group. In the Devonian Holoptychidae, and even in genera so 
comparatively recent as the Upper Cretaceous Coelacanth Macro- 
poma, the persistence of the notochord and the absence of centra 
indicate a very primitive grade of vertebral evolution. The 
Devonian and Carboniferous Ehizodontidae (e.g. JEasthenojpteron 
and Bhizodus), on the contrary, seem to have had well-ossified 
ring-like vertebrae. 

^ See Budgett, Tmns. Zool. Soc. xvi. Pt. vii. 3902, p. 316. 
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In the caudal region of Amm the hasi- dorsals and hasi- 
ventials, and the inter-dorsals and inter-ventrals, form separate 
arch -centra which remain distinct, hence each vertebra is 
double, and there is a regular alternation of arch-bearing “ pre- 
centra'' and arch -less post-centra " (Fig 117, D). In the 
trunlc-region the pre- and post-centra have fused, and in this 
region the vertebrae are single. 

A very primitive type of vertebral column occurs in some of 
the Jurassic allies of Aima, in which certain of the vertebral 
components, confluent in the adult Arnict^ retain some measure 
of their primitive distinctness^ Thus, in the precaudal region 
of Uurycormus (Fig. 117,B) there is a series of alternating dorsal 


Fig. 117 — A, precaudal veite- 
"brae of Qatuius Junatus , 
B, similai vertebrae of 
Euiycormis speoiosus , C, 
caudal vertebrae of the 
latter species , D, caudal 
vertebrae of Amia caha 
h a. Haemal arch ; h 
baemal spine , Ay.c, hypo- 
centrum ; n a, neural arch , 
n spt neuial spine , j;, para- 
pophysis , p c, pre-centrum , 
pi c, pleuro- centrum , pt c, 
post-centrum ; r, nb. (After 
Zittel.) 


and ventral half-rings of bone, which between them completely 
invest the persistent notochord. Each ventral half-rmg or 
' hypocentrum" represents a pair of fused and ossified basi- 
ventrals, and possibly also a pair of included inter-ventrals, and 
supports dorsally a pair of basi-dorsals, forming a neural arch, 
and laterally a pair of ribs. The dorsal semi-rings, or '' pleuro- 
centra," similarly represent fused and ossified pairs of inter- 
dorsals. In the tail, modifications approximating to what is 
seen in the caudal region of Amia are to be noticed (C) By 
the upgrowth of the ventral arch-bearing semi-rings, and their 
conversion into complete rings encircling the notochord, incipi- 
ent pre-centra are formed, and by a similar modification of the 

^ Zittel, Randb, d Palaeontologie, 111 . 1887-1890, p. 137 et seq , ; Gadow, op. 
cit. p 208. 
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down-gxowiiLg, archless, dorsal half-rings, structures comparable 
to post-centra are produced. In lu'ief, Eimjcormus, as well as 
such other extinct Amioid genera as Oaf urns (Fig. 117, A), CaU 
lopieims, and Eitthijnotus, retain in the adult a stage of vertebral 
evolution which is closely paralleled by transitory stages in the 
embryonic and young forms of Amia. 

Zepidosteiis’^ is unique amongst existing lishes in having 
opisthocoelous vertebrae ; that is, the centra are convex in front 

and concave behind, 



and therefore articu- 
late with one an- 
other by ball-and- 
socket joints (Fig. 
118). This condi- 
tion is due to the 
develojiment of a 
series of interver- 
tebral rings of car- 
tilage round the 
notochord. The 
subsequent inward 
growth of each of 
these rings leads to 
the constriction, and 
ultimately to the 
complete oblitera- 
tion, of the noto- 


Fia. 118.— A, two vertebrae from tbe tnmk- region of chord, much in the 
Lepidosteiis j B, anterior face of a vertebra, c.n, , 

Anterior convex face of the centrum ; c.n% posterior Way aS Dy 

concave face ; Act, parapophysis, with its articular facet the growth of Otdi- 
for a rib ; i.c, median cartilage, representing a pair of ^ ^ 

fused supra-interdorsals ; Ls, radial element of the dorsal H^l^y Centra. Later, 


du ; l.l, superior longitudinal ligament ; w.a, neural arch, fbis solid 
(From Wiedersheim, after Balfour and W. N. Parker.) 

cartilage 


mass of 
becomes 


transversely divided by a cleft which is convex anteriorly and 


concave behind (Fig. 116, C), and of the two portions one fuses 


and co-ossifies with the centrum of the vertebra in front, and the 


other with the one pertaining to the vertebra behind. Eeference 
to Fig. 116 will show that the grouping of the vertebral elements 
to form the individual vertebrae is not the same as in Amia, 


^ F. M. Balfour and W. N. Parker, JPML Trans. 173, 1882, p. 388. 
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In the dominant group of existmg Fishes, the Teleostei, the 
centra are almost invariably biconcave, although in the Eels they 
may be flat or even slightly convex m -(Tont. Pdbs are absent in 
the Syngnathidae and in the Plectognathi In addition to the 
usual articulation between the centra, the vertebrae often articu- 
late with one another by means of paired processes arising from 
the anterior margin of each neural arch, or from the centrum 
at the base of the arch (pre-zygapophyses), and meeting .simi1n.T- 
processes which project either from the hmder margin of the arch 
of the vertebra in front, or from the adjacent portion of its centrum 
(post-zj^gapophyses). The haemal arches may have similaT pro- 



Fig. 119. — A, side view of piecaudal vertebrae of a Cod {Gadus mirhua) without the 
libs , B, &iinil«ir view ot caudal vertebrae of the same Teleost. c, Oentiimi , h a, 
haemal arch ; li haemal spine , n neural arch , n sp, neuial spine , para- 
pophysis , 2^ ^ pie-zygapophy&is , pt c, post-zygapophysis. 


cesses (Fig 119). One, two, or in some Teleosts, three pairs of 
slender intermuscular hones radiate outwards from the centra 
into the myocommata (epicentrals), or from the neural arch 
(epineurals), or from the ribs (epipleurals) 

The Ribs. — It is doubtful if the structures termed ‘"ribs” 
are homologous in the different groups of Fishes. There appear 
to be two kinds, distinguishable as dorsal and ventral ribs (Fig 
156). Dorsal ribs are situated in the fibrous tissue separating 
the epiaxial from the hypaxial muscles of the body wall, and they 
take no part in for min g the haemal arches of the caudal region. 
Ventral ribs, on the other hand, always lie internal to the 
hypaxial muscles, and directly external to the peritoneal lining 
of the coelom, and they usually contribute to the formation of 
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the haemal arches. To the former belong the ribs of the Elas- 
mobranchs, and to the latter the ribs of the Teleostomi and 
Dipnoi. PolypteriLS alone has both kinds of ribs. 

The Skull. 

The skull is a highly complex structui'e, the various com- 
ponents of which are as different physiologically as they are 
morphologically. It consists (i.) of the cranium, for the 
enclosure and protection of the brain ; (ii.) of ^ensc capsules, 
which fulfil a like function for the auditory, visual, and olfactory 
organs ; (iii.) of certain vertehue or vertebral elements fused with 
the hinder part of the cranium; (iv.) of a series of mseeral 
arches ; and (v.) of a series of paired or median cartilages developed 
in relation with the mouth and nostrils, which may be collectively 
spoken of as “ labial '' cartilages. 

The cranium is formed in the embryo from two pairs of 
cartilaginous rods or plates, developed in the mesoblast of the 
head. Of these the posterior pair, or paracliordals, underlie the 
hinder part of the brain, and are situated one on each side of the 
cranial portion of the notochord. The anterior pair or trabeculae 
are pre-notochordal, and lie beneath the anterior portion of the 
brain.^ Between their hinder extremities, and in front of the 
anterior termination of the notochord, is the pituitary body. As 
development proceeds the parachordals blend with each other 
and with the trabeculae, while the latter fuse in front to form 
a median plate — the mesethmoid cartilage. The hinder portions 
of tiie two trabeculae remain distinct for some time, and enclose 
between them the pituitary fontanel! e, but later they fuse 
beneath the pituitary body, leaving, however, a pit for its 
reception — the pituitary fossa. Cartilaginous capsules are formed 
round the cranial sense organs. The auditory or periotic capsules 
fuse on each side with the parachordals. The optic capsules, 
either fibrous or cartilaginous, remain free, and do not fuse with 
the adjacent trabecular region. The olfactory capsules alone are 
not developed independently, but are formed as lateral out- 

^ As additional primary cranial elements mention may be made of a pair of 
independently developed “ alisphenoid ” cartilages, which lie in front of the 
parachordals between the brain and the eyes, and above the trabeculae, and form 
a considerable part of the inter-orbital region of the cranium. See Sewertzoff, 
Anat, Anz. xiii. 1897, p. 413 ; ibid., Kupffer Festschrift, Jena, 1899, p. 281. 
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gxowths from the mesethmoid plate Latei, the paiachoidilfe and 
tiaheculae gio-w upwards on each side round the Liam, and to a 
greatei or less extent they meet and fuse on its doisal suiface, 
thus enclosing the latter oigan in a cranial ca%itj, ItaMng, 
ne\ eitheless, a large loiamen behind (toiamen magnum) through 
which the biain is continuous with the spinal coid In this 
condition the piimiti\e cartilaginous cranium, with its included 
sense-capsules, has reached a stage which is peimanentl} retained 
in such Fishes as the Elasmobianchs 

The visceoal aiclub consist of a number of pans of cur\ed 
lods of cartilage, at first simple, but subsequent!} segmented, and 
de\ eloped in the splanchnic mesoblastic walls ot the 01 al caMtj 
and phai}nx Each lod is connected with its fellow b} a 
median caitilage in the flooi of the phai}nx, so that the whole 
form a senes of doisally incomplete hoops encircling the anteiioi 
portion of the alimentary canal Xo doubt all the visceial 
aiches weie oiiginally bianchial arches, and were so disposed 
between the successive gill-clefts as to suppoit their walls and 
the vasculai folds or gill-lamellae to which the} ga\e use In 
Fishes most of the arches still retain then primitne gill- 
suppoiting function, but the fiist or mandibulai aicli has become 
modified to foim upper and lower jaws, although in the Shaiks 
and Dog-Fishes it may lie in fiont of a gill-cleft and still be 
associated with vestigial gills The second or hyoid arch is less 
iemo\ed from the condition of a branchial arch, and general!} 
supports either a functional or a \estigial gill, but in most 
Fishes it has acquired the secondary function of forming a 
suspensorium foi the attachment of the jaws to the cranium 
The skull of the common Dog-Fish, Scylhmn caimula (Iig 
120 ),^ may be studied as a t}pe which in the adult lemains carti- 
laginous, and has no secondary addition of cartilage- or membrane- 
bones In this Fish the chondrocramum, 01 piimary cartilaginous 
cianium, presents the appearance of a somewhat depiessed oblong 
box, which has a complete roof, side-walls, and floor, but is open 
in front (anterior coanial fontanelle') and also behind (J 01 amen 
magmem) The hindei, or parachordal portion of the cianmm 
surrounds the foramen magnum, and there forms the occipital 
legion At the ventral margin of the foramen there are two 
prominences, or occipital condyles, for articulation with the first 
^ W K Parker, Trans Zool Soc x 1878, p 189 
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vertebra, and between them the remains of the notochord are 
traceable into the cranial floor. In front of the occipital region 
two lateral bulgings indicate the iicriotic capsules, and more 
anteriorly still, in the trabecular region, the sides of the cranium 
are modified to form two spacious lateral recesses, the orliiU, each of 
which is bounded above and belowby supra-orbital and infra-orbital 
ridges respectively, behind by an outgrowth from the periotic 
capsule {pst-orlikd process), and in front by a similar projection 
from the hinder wall of the olfactory capsule (lateral ethmoidal 



Fiq. 1*20. — Side view of the skull of the common Doi^-Fish {ScylUnm canindu), aud.cp, 
Auditory caiisule ; hr.a 1, 5, branchial arches ; lr,r\ cartilaginous rays 
attached to the hyoid aixih and the first four brancliial arches ; cranium ; c.r hr, 
extra-hraiichial cartilages ; hyxn, cerato-hyal ; hijm, hyoniandibular ; lb, labial 
caitdages ; ly, ligaments passing from the jaws to the cranium and to the distal end 
of the hyoniandibular ; h/, ethmo-palatme ligament ; I J, lower jaw or Meckel’s 
cartilage ; Xy. 2, optic foramen ; *Yi?. 6, foramen lur the Vth and part of the Vllth 
cranial nerves ; oif.cp, olfactory capsule ; or, orbit ; kj) j, upper jaw or palato- 
quadrate cartilage. (From Wiedersheim, alter W. K. Parker.) 

process). In front of the cranial cavity and the orbits may be 
seen the laterally-placed dome-like olfactory capsules, which are 
open below, where the nasal sacs communicate with the exterior. 
Between the two capsules an anterior extension of the cranial ■ 
floor forms a flattened 7nesetJbmoidal plate, behind which is the 
large, membrane-closed, anterior cranial fontanelle. The lateral 
walls of the cranium are perforated by numerous apertures, some 
of which serve for the entrance or exit of blood-vessels, and 
others, mostly pertaining to the inner walls of the orbits, for the 
transmission of the different cranial nerves from the brain to 
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various parts of the head In many Elasmobranchs the roots 
of certain of the anterior spinal nerves perforate the side-walls 
of the occipital region, and indicate the fusion of vertebral 
components with the cranium. In the cranial roof between the 
two periotic capsules there are two small apertures at the bottom 
of a common median depression: through each aperture the 
ductus endolymphaticus (aqueduetus mstihuh) passes from the 
vestibular part of the auditory organ to the exterior of the skull 

Three cartilaginous rods, one from the roof of each olfactory 
capsule, and one, the jprenasal or rostral process, from the ethmoid 
cartilage, converge and meet, or nearly meet, in front to form 
the rostrum or support for the preoral or cut-water ” portion 
of the head. 

The visceral arches are seven in number. The first or man- 
dihular arch consists on each side of an upper portion, the 'palato- 
'pterygo-quadrate ox jpalato-quadrate cartilage, which passes forwards 
in the side-wall of the oral cavity, along the upper margin of the 
mouth, its anterior or palatine part curving inwards to a liga- 
mentous connexion with its fellow beneath the cranial floor. 
Each cartilage has an upwardly directed process (ethmo-jpalatine 
process) which is connected bya suspensory ethmo-;palaUm ligament 
with the lateral wall of the cranium behind the lateral ethmoid 
process. The lower or ventral half of the mandibular arch 
{MecheVs cartilage is similar in shape to the upper ; it articu- 
lates behind with the quadrate portion of the latter by a movable 
joint, and is thence prolonged forwards and downwards in relation 
with the lower margin of the mouth to a median ligamentous 
union with its fellow of the opposite side. The palato-pterygo- 
quadrate and MeckeTs cartilages together form the primitive 
upper and lower jaws, and support the teeth. The hyoid arch 
also consists of a dorsal and a ventral half on each side. The 
dorsal half or hyomandihular element articulates above with the 
periotic capsule. The ventral portion, or cerato-hyal, passes 
downwards and is connected with its fellow by a median copula 
or hasi-hyal cartilage situated in the floor of the oral cavity. A 
series of simple cartilaginous rays (branchial rays') are attached 
to the hinder margins of the hyomandibular and cerato-hyal 
elements. The distal end of the hyomandibular is connected 
by strong ligaments with the hinder portions of both the 
palato-pterygo-quadrate cartilage and MeckeTs cartilage ; in fact, 
VOL. YU 
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the hyomandibular is the effective suspensorium by which the 
upper and lower jaws are connected with the skull, and all 
Fishes in which this arrangement exists are said to be hyostyhc} 
Behind the hyoid aich follow five Irancliial arches. Each of 
these is segmented into a dorsal or ^liaryngo-hramhial element, 
followed by an a cerato-j and a hypo-hranchial piece, but the 
later element is absent in the fifth arch. The lateral halves of 
the last three arches are connected ventrally by a large median 
basi-hranchial cartilage, but in the first and second arches by the 
median apposition of their respective hypo-branchial elements. 
Like the hyomandibular and cerato-hyal segments of the hyoid 
arch, the epi- and cerato-branchial elements of all the branchial 
arches except the fifth are fringed along their outer convex 
margins by a series of 'branchial rays, and, in addition, there 
are three pairs of slender, curved, cartilaginous rods, or extra- 
branchials, in relation with the distal extremities of the branchial 
rays of the second, third, and fourth branchial arches. The 
function of the branchial arches, and their branchial rays, and 
extra-branchial cartilages, is to support the inter-branchial septa 
which separate the gill-clefts and carry the vascular gill lamellae. 
All the arches lie near the inner margins of the septa, close to 
the hypoblastic epithelium of the pharynx, while the ourer por- 
tions of the septa are supported by the branchial rays and the 
extra-branchials, the latter lying directly beneath the external 
skin. The segments of the arches are movably connected with 
one another by ligaments ; and by the contraction of the branchial 
muscles the arches may be separated or approximated so as to 
enlarge or diminish the size of the intervening clefts. 

The labial cartilages are represented by a pair of slender rods 
in relation with the outer surfaces of the palato-pterygo-quadrate 
cartilages, and a similar pair in connexion with the Meckelian 
cartilages. There is also a pair of small cartilages in relation 
with the nostrils. It is probable that the rods which constitute 
the lateral elements of the rostrum belong to the same category. 

In the Cyclostomes and the Elasmobranchs the skull is entirely 
cartilaginous, although it may often be superficially calcified in 
Elasmobranchs, and although there may even be definitely and 
symmetrically arranged calcified plates in PUuracanthibs, true bone 
is never present. In many Fishes, and notably in the Teleostomi, 
^ Huxley, P.Z.S. 1876, p. 40. 
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the embryonic cartilaginous cranium becomes complicated by the 
addition of an extensive series of investing membrane bones, formed 
by the ossification of the connective tissue external to the cartilage, 
so that a secondary bony cranium is formed external to the primary 
cranium much in the same way that a secondary pectoral girdle 
IS formed in connexion with the primary girdle. Such bones 
probably owe their primary origin to the fusion and insinking of 
exoskeletal structures (scales or dermal spines). To these invest- 
ing bones there may also be added a series of bones formed by 
the actual conversion of the cranial cartilage into osseous tissue 
(cartilage bones), which to a greater or less extent in different 
Fishes replaces the original cartilage. The bones of the skull 
may conveniently be classified as follows : — (i ) Dermal or mem- 
Irane hones. Under this head are included — (a) the ordinary 
investing bones of the skull. ( 6 ) Tooth-lones, that is, bones 
formed by the fusion of the bases of teeth and developed in 
relation with the walls of the oral cavity. Probably all tooth- 
bearing bones are of this nature, (o) Sensory canal hones, that 
is, tubular bones developed round the sensory canals of the head. 
Certain of these bones may secondarily acquire the shape and 
character of investing bones while still retaining protective 
relations to their sensory canals, (ii.) CarUlage hones. 

As an easily obtainable example of a skull which has acquired 
a fairly complete series of both cartilage- and membrane-bones, 
while retaining a well-developed primary cranium, the skull of 
the Salmon (Sahiio salar) may be described.^ At an early stage 
of development, even so late as the second week of batching, the 
primary cranium is still entirely cartilaginous, and in this con- 
dition the Salmon’s skull is comparable with that of an adult 
Dog-Fish. As development proceeds the primary cranium 
becomes supplemented by the addition of numerous investing 
dermal bones which form the secondary cranium, and later 
cartilage bones appear and, to a considerable extent, replace the 
original cartilage. The Salmon’s skull is interesting in this 
respect, that the primary cranium grows with the growth of the 
Fish, so that in the adult the nasal, ethmoidal, and prenasal 
regions are entirely cartilaginous, and in the hinder part of the 
cranium cartilage is largely persistent between the cartilage bones. 

Dealing first with the cartilage bones of the primary cranium, 
1 W K. Parker, Fhil. Trans. 163, 1873, p. 95. 
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it TTtay be stated that there are formed in that part of the 
parachordal cartilage surrounding the foramen magnum a median 
hasioccipital below, which is concave behind where it articulates 
with the centrum of the first vertebra, a supmoccipital aliove, 
and two laterally-placed exompital bones (Figs. 121, 122) 
Each periotic capsule is ossified by the formation of five bones 
in the primitively cartilaginous mass, the prootic, splienohc, ojnsth- 
otic, ep^otic, and the pterotic. The inner walls of the capsules 
have atrophied in the adult, and hence the cavities which contain 
the auditory organs appear as open lateral recesses of the cranial 
cavity. In front of the periotic capsules there are various bones 
which are formed in the cartilage of the trabecular part of the 


--ep 
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Fia. 121. — Side view of the cranium of a Salmon {Salmo salar). Most ot the membrane 
bones and the jaws have been removed. The caitilage is dotted. al,s, Alisphenoid, 

10, basioccipital ; hs, hasisphenoid , eo, exoccipital ; ep, epiotic , Leth, lateral 
ethmoid; ol, olfactory capsula ; op, opisthotic , o.s, orbito-sphenoid , pr,o, pio- 
otic ; parasphenoid ; pto, pterotic; so, supraoccipital ; ^.o, sphenotic ; t.c, 
trabecular cornu ; u.l.c, u.Lc\ first and second upper labial cartilages , v, vomer , 

11, foramen for the optic nerve. (Prom W. K. Parker.) 



cranium. Thus, in front of the basi-occipital, and developed in 
the cartilage of the cranial floor, there is a median Y-shaped las%- 
sphenoid, and, at some distance above it on each side, an ah- 
sphenoid helps to form the lateral wall of the cranial cavity. 
Between the eyes the side walls of the cranium fuse to form a 
vertical inter-orbital septum, and, in consequence, two orlito- 
sphenoid bones, which normally form the lateral cranial walls in 
this region, become partially confluent in the median line and 
close the cranial cavity in front. The only cartilage bones 
found in the massive persistent portion of the primaiy cranium 
which forms the pre-orbital region are the projecting lateral 
ethmoids, forming the posterior boundaries of the recesses for the 
olfactory organs, and separating the latter from the orbits. 

The roof and floor of the primary cranium is completed by 
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certain investing deimal iDones (Fig 123, A). A pair of large 
J routed bones form the cranial roof, and also help to roof in the 
orbital cavities. Behind the frontals, and separated from each 
other by the supraoccipital, there is a pair of small parietals, and 
anterior to the frontals a median dermal mesetJimoid. A small 
nased bone overlies each olfactory recess. Ventrally, the base of 
the cranium, from the basi-occipital to the prenasal region, is 
stiengthened by a large ^aras;pheno%d behind, and a much smaller 
vomer in front, both of which lie in the roof of the mouth. The 
\omer is a tooth-bone, and probably the parasphenoid also. 

The mandibular arch (Fig. 123, B) is more modified than that 
of the Dog-Fish. The palato-pterygo-quadrate bars, or primitive 
upper jaw, no longer meet in front beneath the cranial floor, but 
each separately articulates in front with the lateral ethmoid of its 

f cs a7s ^ Yii so ^22 — Vertical and 

longitudinal section of 
the cranium of Salmo 
salary showing the nght 
half of the cranial 
cavity Cartilage is 
dotted. /, Frontal ; < 
fat containing cavity m 
the mesethmoid carti- 
lage , V, VII, IX, X, 
foramina for the fifth, 
seventh, ninth, and 
tenth cranial nerves. Remaining reference-letters as in Fig. 121. (From W. K. Parker ) 

Side. Although still partly cartilaginous each bar is largely replaced 
either by cartilage bones, or by bones which begin as membrane 
bones or as tooth-bones and complete their growth by invading 
the cartilage and becoming in part cartilage bones. Its anterior 
portion is formed by a jpalahne bone which articulates with the 
lateral ethmoid, and the middle portion by a pterygoid and a 
mesopterygoid bone, while the hinder part is ossified above as a 
metapterygoid and below as a quadrate. The latter articulates with 
the lower jaw. Functionally, however, the primitive upper jaw 
is now replaced by a secondary upper jaw, formed on each side 
by a series of tooth-bones, situated external to the former, and 
meeting in front of the prenasal region of the primary cranium 
(Fig 123, A). The series includes a dentigerous premaxilla and 
maxilla, and a small toothless, scale-like jugal bone. Each half 
of the lower jaw (Fig. 123, A, B) consists of a rod-like MeokeTs 
cartilage or primary lower jaw. The hinder part of this is 
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ossifi6d to form tho ctiticulcti , which has a deeply concave surface 



Fig 123 — A, view of the left side of the skull of a Salmon , B, the left half of the primary 
uppei and lower jaws, and the hyoid arch The cartila^je is dotted an^ Angular , 
ar, articular hhy, hasi hyal , hr r, bianchiostegal rays c, cranium, cA, cerato 
hyal , c 07 , circnm orbital bones , d, dentary , d efh, dermal niesethmoid , ep Ti, epi 
hyal, ep 0, epiotic , ethp, ethmo palatine piocess , /, frontal, hhy, hypo hyal, 
hyTTb, hyomandibular , % op, inter operculum , j, jugal , niL% Meckel s cartilage , 
mpg mesopterygoid , mt pq, metapterygoid , ma;, inaxill i , n, nasal , op, operculum , 
op', condyle on the hyomandibular for the opeiculum , oih, orbit , p, parietal jjo, 
palatine , p wise, premaxilla , p op, pre operculum , pt, pterygoid , pt o, pterotic , 
q, quadrate , so, supra occipital , s op, suboperculum , sp o, sphenotic , s t, supra 
temporal (or squamosal) , sf hy, stylo hyal , vi/, symplcctic , ul c, ulc , upper 
labial caitilages , u I c% second upper labial (From W. K Parker ) 

for articulation with the quadrate , and below this there is a small 
membrane bone, the angular. The rest of the cartilage is partially 
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ensheathed on its outer side by a large tooth-bone, the denti- 
gerous dentary. The hyoid arch is similar to that of the Dog- 
Fish, except that its primitively cartilaginous segments are almost 
completely ossified (Fig. 123, B). The large upper segment or 
hyomandibidar bone articulates mamly with the pterotic, but 
partly also with the sphenotic element of the penotic capsule , 
below it is connected with a slender symjplechc bone, and from 
the cartilage connecting the two depends the rest of the hyoid 
arch, consisting in succession of stylo-hyal, ejpi-liycd, ceraMiycd, 
and liyjpo-liyal bones, with a median teeth-bearing lasidiyal. The 
palato-pterygo-quadrate bar has no direct connexion with the 
skull, except anteriorly where its palatine element articulates 
with the lateral ethmoid. The real suspensorium is formed by 
the hyomandibular and symplectic bones, to which the hinder 
margins of the quadrate and metapterygoid bones are rigidly 
attached by suture, hence, as in the Dog-Fish, the skull is 
hyostylic. Behind the hyoid arch there are five branchial 
arches, which generally resemble those of the Dog-Fish, except 
that their component segments are ossified as cartilage bones. 

Connected with the hyomandibular and cerato-hyal elements 
of the hyoid arch there is, on each side, a series of membrane 
bones for the support of the movable operculum or gill-cover. 
These consist of an ojperoulum above, which articulates with a 
backwardly projecting process from the hyomandibular, followed 
in succession below by a sub-ajperculum and an %nUr-o’]ge,Tmlum^ 
the latter being connected by ligament with the angle of the 
lower jaw. The series is completed by ten sabre-shaped ’brancMo- 
stegal rays, which are attached to the cerato-hyal and support the 
lower margin of the gill-cover. 

Sensory canal bones are represented in the Salmon by a ring 
of small bony plates which encircle the orbit (Fig. 123, A), and 
by one or two small bones situated above and on the outer side 
of each periotic capsule (squamosals). To these may be added 
the pre-operculum situated external to the hinder margms of the 
hyomandibular and quadrate bones, firmly clamping these bones 
together, and also the post-temporals^ by which the secondary 
pectoral girdle is attached to the skull The nasal bones may 
also be regarded as pertaining to the same series. 

In other Fishes with a more or less complete bony skull there 
are certain additional cartilage- and membrane-bones which are not 
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present in the Salmon, There is usually a median ossification of the 
ethmoid cartilage, the mesethmoid. An cntopterygoid is sometimes 
added to the palato-pterygo-quadrate series of hones. An ossifica- 
tion of the anterior extremity of each Meckelian cartilage may form 
a mento-Mechelian bone. Certain additional membrane bones are 
sometimes developed in relation with the lower jaw, such as sphnial 
and coroncLTy bones on the inner side, and a supra-angidar bone at 
the angle of the jaw, above the angular element. To these there may 
be added the singular series oiioifra-deoitaries, which in some fossil 
Crossopterygii (e.g. Bhizodopsis) fringe the outer margin of the jaw 
beneath the true dentary (Fig. 274, A). A system oi jugular plates 
may also form a characteristic armature for the throat between the 
lateral halves of the lower jaw (Fig. 274, C). Besides those already 
mentioned, additional sensory canal bones are present in some 
Fishes. A transverse row of plates (supra-temporals) sometimes 
crosses the occipital region behind the parietals. There are also 
other canal-ossicles which lose their identity by fusing with certain 
cranial or periotic bones. Thus, each of the pterotic and sphenotic 
bones often includes a superficial dermal bone transmitting a section 
of a sensory canal, which has fused with it ; and as the frontal 
bone is often similarly perforated, it may be taken that it also 
includes a canal-ossicle ; and the same can often be said of the 
articular and dentary bones of the lower jaw.^ 

Having now considered the general structure of a primitive 
cartilaginous type of skull, and the nature, disposition, and 
terminology of the various membrane- and cartilage-bones which 
may be added to, or more or less completely replace the former, 
reference will now be made to the more important features in 
the structure of the skull in the Cyclostomata and the Fishes. 

In the Cyclostomata the skuU presents a remarkable combina- 
tion of characters, in some of which it is more primitive than in 
any other Craniates, while in others it has evidently attained a 
very high degree of specialisation on lines peculiar to the group, 
but differing in the two subdivisions. In the Lamprey^ (Fig. 
124) the paired parachordals and trabeculae together form a 
trough -like chondrocranium, which has only a fibrous roof, 

^ M‘Murrich, Proc. Canadian Inst. (N.S.) ii. Toronto, 1884, p. 278; Cole, 
Trans. lAnn. Soc. vii. Pt. v. 1898, p. 131. 

^ W. K. Parker, Phil. Trans. 174, Pt. ii. 1883, p. 411 ; Huxley, Jowm. Anat, 
and Phys, x, 1876, p. 412; Howes, Trans. Biol. Soc. Liverjpool^ vi. 1891, p. 122. 
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except where a slender synotic band of cartilage extends 
between the two periotic capsules. The floor is also incom- 
plete, a large pituitary fontanelle remaining to indicate the 
original separation of the trabeculae while transmitting the hypo- 
physial or pituitary caecum. The notochord traverses the floor 
of the parachordal portion of the cranium as far as the pitmtary 
fontanelle, and from the sides of the synotic ring the auditory 
capsules project in the shape of conspicuous lateral prominences. 
In front the otherwise open end of the cranial cavity is closed 
by the dorsaUy-placed and unpaired olfactory capsule, which is 



Fig. 124 — Skiill, with branchial basket and anterior part of the vertebral column, of 
PetroinyzoYi mminus. adc^ Anterior dorsal cartilage; adatc, antenor lateral 
cartilage , an c, annular cartilage , aw.c, auditoiy capsule ; br.h vertical bais of 
the branchial basket ; hr cl. 1-7 ^ external branchial clefts ; c».c, cornual cartilage ; 
cr r, cranial roof , Lc.l~4i longitudinal bars of branchial basket ; Ig.Cf lingual car- 
tilage , m V c, median ventral cartilage ; no, neural arches ; na.ap, nasal aperture ; 
nch, notochord; AV, foramen for optic nerve, olf olfactory capsule; 
cartilage surrounding pericardial cavity; postenor dorsal cartilage, update, 

posterior lateral cartilage , s6.oc a, subocular arch ; stp^ styloid process ; sty.c, 
styliform cartilage ; teeth. (From Parker and Haswell, after W. K Parker.) 

perforated behind by two apertures for the olfactory nerves, and 
has only a fibrous connexion with the cranial walls. Anteriorly 
to the olfactory capsule the cranial floor is prolonged forwards 
over the roof of the mouth as a large laterally-expanded plate, 
formed by the united anterior portions of the trabeculae, and no 
doubt representing the mesethmoid cartilage of the Dog-FisL So 
far the cranium presents no special difficulty, and in its general 
features may be readily compared with that of an embryonic 
Elasmobranch. As for the rest of the skull, it is obvious that it 
has been greatly modified, partly to form and to support the 
skeletal framework of the remarkable suctorial buccal funnel, and 
partly to form the singular rasping lingual apparatus. Hence it 
is always difficult and sometimes impossible to identify with 
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certainty the component parts as being represented in other 
Craniates. On each side of the cranium, beneath the eye, there is 
a characteristic V-shaped s^tbooular arch. Of its two legs the 
hinder one is continuous above with the periotic region of the 
cranium, and the other with the anterior tral)ecular region, while 
the pointed apes is directed obliquely downward and forward. 
From the hinder margin of the posterior limb a slender styloid 
process passes downward in the side wall of the pharynx, and 
terminates below in a forwardly directed cornual cartilage, k 
velum, fringed along its free margin with a series of tentacles, 
projects forwards* into the oral cavity from between the oral 
apertures of the oesophagus and the branchial canal, and probably 
serves to prevent the entrance of foreign particles to the gill-sacs. 
This valve-like velum is supported by a velar skeleton, consisting 
of two lateral cartilages which are prolonged into the tentacles, 
and extend transversely between the inner surfaces of the two 
styloid processes. The apex of each subocular arch is connected 
with a small and somewhat triangular cartilage {postero-lateral 
cartilage), which is directed upward and forward, and lies in the 
side wall of the oral cavity. With some degree of probability 
the subocular arch may be compared to the palato-quadrate 
cartilage of a skull which has become '' autostylic ” in order to 
form a rigid support for the skeleton of the buccal funnel; 
the styloid processes and cornual cartilages to the hyoid arch ; 
while the relations of the posterior lateral cartilages to the sub- 
ocular arches suggest that they may possibly be regarded as 
Meckelian cartilages which have lost their primitive function of 
forming biting jaws. In the median Line below, and projecting 
backward for some distance beneath the branchial canal, there is 
a long and stout lingual cartilage, carrying a small median and a 
still smaller pair of lateral cartilages at its anterior extremity, 
where it supports the lingual teeth and projects into the buccal 
funnel beneath the mouth. In front of the lingual cartilage, 
and connected by fibrous tissue with the inferior and hinder 
margin of the annular cartilage, there is a median T-shaped 
element, the median ventral cartilage. It has been conjectured 
that the lingual cartilage is a free basi-hyal element, and the 
median ventral cartilage the equivalent, elsewhere unknown, of 
the corresponding element of the mandibular arch.^ 

^ Huxley, op. cit. p. 421. 
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The remaining anterior sktiU elements are principally skeletal 
supports for the roof and walls of the buccal funnel. The roof 
is supported by an extended anterior dorsal cartilage, which is 
overlapped behind by the ethmoid cartilage, while the circular 
margm of the funnel is strengthened by a large ring-like annular 
cartilage. On each side of the latter there is a slender, rod-like, 
styloid cartilage, and above the latter a small anterior lateral 
cartilage All these cartilages are usually termed labial cartilages, 
and it is at least possible that they possess representatives in the 
similarly named structures of the Dog-Ksh and the larvae of 
some of the tailless Amphibia It must not be forgotten, how- 
ever, that the annular cartilage bears some resemblance to the 
ring of cartilage which encircles the lips of the buccal cavity in 
Amphioxus. 

The complex supporting skeleton of the gill-sacs forms a basket- 
like structure. It consists on each side of nine unsegmented, 
irregularly curved, and slightly branched cartilaginous rods, 
situated in the outer margins of the inter -branchial septa, 
directly internal to the skin. The first hes directly behind the 
styloid process (hyoid arch), the second and third m front of and 
behind the first gill-sac, and of the remainder one hes just behind 
each of the six succeeding giU-openings ; above and below each 
gill-aperture the rods are connected by longitudinal bars, and also 
m the median ventral Ime by a pair of similar partially united 
bars. The dorsal ends of the rods are also connected on each side 
by another longitudinal bar, which runs alongside the notochord 
and in front blends with the chondrocranium. The rods forming 
the last pair are continuous with a cup-hke cartilage, supporting 
the lateral and hinder walls of the pericardium. 

This singular branchial basket undoubtedly bears a superficial 
resemblance to the branchial arches of Fishes, but in any comparison 
of the two structures it is well to bear in mind that the branchial 
rods of the Lamprey are situated along the outer edges of the 
inter-branchial septa, and are therefore external to the giU-sacs 
and branchial arteries, and further, that they are developed in 
the somatic mesoblast of the embryonic protovertebrae, whereas 
true branchial arches are situated at the inner margins of the 
septa, internal to the gill-clefts and branchial arteries, and have 
their origin from the splanchnic layer of the mesoblast ^ So far 
as their position is concerned, the rods agree rather with the 
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extra -branchial cartilages of an Elasmobranch than with the 
more deeply-seated branchial arches. 

While the skull of the Myxinoid Cyclostomes^ is constructed 
on the same general lines as that of the Lamprey, it is in some 
respects more primitive. It is also clear that in other features 
the skull has undergone marked specialisation on lines of its 
own, and in some points again it seems to deviate less from the 
more normal Craniate type. Of the more obvious differences, as 
illustrated by the skull of Bdellostoim (Figs. 125-127); it will 



Fig. 125.— Side view of the skull of BdeUostoma; the gill-aperturcs and their cartilages 
have been omitted. A, Auditory capsule , B, B', B", the anterior, middle, and 
posterior segments of the lingual bar ; cartilage connecting the hyoid arch with 
the second branchial arch ; 5?, 5r^, fiist and second branchial arches ; ga coronal 
cartilage ; O, cranium ; JO, dental plate ; dt, median dorsal tooth ; Ex.n.c^ ex- 
ternal part of the naso -pituitary canal ; JSjp, hypophysial plate ; Hy^ hyoid arch ; 
iV, subnasal cartilage ; m, neural canal ; Nt, notochord ; OC, olfactory capsule ; 
PL, palatine portion of the palato- quadrate cartilage PQ, 3, supra -pharyngeal 
plate suppoitmg the velum ; t, tendon of the retractor maridibuli muscle , t\ t\ P, 
tentacular cartilages ; P, cartilage supporting mouth lobe ; tr, trabecula ; T’’^, rod 
connecting 8 with the inner surface of the hyoid arch of its side ; F, outer lateral 
rod which joins ; 1, 2, 3, fenestrae. (Modified from Ayers and Jackson.) 


be sufficient here to mention the following : (i.) The more primitive 
condition of the chondrocranium, the roof and side walls of the 
cranial cavity being entirely membranous, (ii.) The non-develop- 
ment of a suctorial buccal funnel and the presence of oral tentacles, 
associated with the absence of the complex system of labial 
cartilages and the substitution of a special tentacular skeleton, 
(iii.) The special modifications induced by the length and physio- 
logical importance of the naso-pituitary canal and by its com- 
munication with the pharynx after perforating the pituitary 
fontanelle in the cranial floor. Under this head may be included 

^ W. K. Parker, Ph%l. Trans, 174, 1883, pp. 376-405 ; Ayers and Jackson, Journ, 
Morph, xvii. 1901, p. 193. 
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the depression of the mesethmoid or hypophysial plate for the 
support of the naso-pituitaiy canal, the foiward prolongation and 
median union of the palato- 


quadrate cartilages of op^jo- 
site sides beneath the external 
portion of the canal, appar- 
ently for the support of the 
latter, and the encircling of the 
canal by supporting annular 
rings of cartilage, (iv.) The 
presence of two branchial 
arches, connected, as in 
Fishes, with a median basi- 
branchial segment which 
forms the middle one of the 
three divisions of the lingual 
apparatus, (v.) The reduction 
of the complicated extra- 




Fia, 126. — ^View of the upper surface Fig. 127 — ^Dorsal view of the skull of Bddio'- 
of the dental plate of BdeUostoTna, stoim, Eeference letters as in Fig. 125. 

Tendon of retractor muscle. (From (After Ayers and Jackson. ) 

Ayers and Jackson ) 


branchial basket to small isolated cartilages m relation with the 
gill-apertures and the oesophago-cutaneous duct, (vi.) The extra- 
ordinary development of the lingual apparatus, of which it has 
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been remarked that it dominates the whole body, everything 
else yields to it.” Meekers cartilages are represented either 
by the cornual cartilages, as seems most probable, or by the 
dental plate (Fig. 125, and D), 

In the generality of Elasmobranchs the skull resembles that 
of the Dog-Eish in essential structure. The more important 
modifications within the limits of the group relate to differences 
in the mode of attachment of the primitive upper jaw to the 
skull, and the number of branchial arches. In most Elasmo- 
branchs the skull is hyostylic, as in Scyllium, but there are 



Fia. 128. — Lateral view of the skull of I^otidanus {JSeptanchus) cinereus, mck, Meckel’s 
cartilage, or pnmitive lowei jaw; palato- quadrate caitilage or pniuitne 

upper jaw ; pUorh, post-orbital process of the cranium with which the post-orbital 
process of the palato -quadrate articulates. (From Parker and Haswell, alter 
Gegenbaur.) 

two genera which, in different ways, are exceptions to this rule. 
In NoUdcinus the hinder part of each palato-quadrate cartilage 
grows upwards into a strong post-orbital process, which articulates 
with the suitably modified post-orbital process of the periotic 
capsule (Fig. 128); hence the primitive upper jaw acquires a direct 
dorsal connexion with the cranium, and, as the hyoid arch is now 
relieved from taking any part in its support, the hyomandibular 
is reduced to the condition of a relatively slender rod of cartilage. 
By this arrangement both the mandibular and hyoid arches have 
their own separate and independent connexions with the cranium, 
and the skull is said to be amjphistylic} The Port Jackson Shark 
^ Huxley, P,Z.S. 1876, p. 40, et seq. 
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(^Heterodontus) exhibits another and quite different modification. 
In this rish the dorsal border of each palato-quadrate cartilage 
fits into a deep groove along the infero -lateral surface of the 
cranium, and is firmly attached thereto by hgament. Thus the 
first step is taken towards that more complete fusion of the two 
structures which is so characteristic a feature in the more typically 
autostylic Fishes like the Holocephali and the Dipnoi. Auto- 
stylism, whether incipient, as in Heterodontus, or complete, is to be 
regarded as a secondary modification, which may be independently 
acquired in widely different groups of Fishes, and is usually 
associated with the need of a firm and rigid support for an ex- 
ceptionally massive dentition.^ 





Fig 129. — Lateral view 
of skull of Clivniaera 
TnoTLst') osa a a. c. Posi- 
tion of anterior semi- 
circular canal , cJiy, 
cerato - hyal , e hy, 
epi-hyal ,/r.o^, frontal 
clasper , h.s,e, posi- 
tion of horizontal 
semicircular canal ; 
% oSf inter - orbital 
septum , Ih.li ^ 
lb 3, labial cartilages ; 
Mck 0, mandible , 
Nv2, optic toramen , 
JSPv lOf vagus lora- 
men; olfcpy olfactory 
capsule , op r, oper- 
cular rays ; pal qu, 
palato - quadrate , 
pKky, pharjrngo-hyal, 
or hyomandibular ; 


p s.c, position of posterior semicircular canal ; qu^ quadrate region , r, rostrum (From 
Parker and Haswell, after Hubrecht.) 


In the Holocephali {6,g ChimcCem the cranium retains its 
primitively cartilaginous condition, and assumes a somewhat 
peculiar appearance owing to the lateral compression and vertical 
growth of its inter-orbital and nasal regions (Fig. 129). There 
IS a complicated series of labial cartilages in relation with the 
ventrally-placed nostrils and the upper and lower jaws. In the 
males of Ohimaera and Ocdlorhynchus, but not in Harriotta, a 
movable cartilage is attached to the cranial roof, and supports 
the frontal clasper. The skull is typically autostylic. Along 


1 Dollo, Bull Soc Beige Q 60 I etc. ix. 1895, p. 110. 

® Hubrecht, NiederlaTid, Archivf, Zool iii. 1877, p. 255. 
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the whole length of its dorsal hordei the palato-quadrate caiti- 
lage IS fused with the infeiioi lateral margin of the cianiuni fiom 
the periotic to the olfactory region, thus foiming a tiiangulai 
plate of cartilage, the base of which is continuous with the 
cranium, while the downwardly directed ape\ provides an articu- 
lar surface for the lower jaw The hyoid aich is little better 
developed than the succeeding branchial arches, and includes a 
vestigial hyomandibular, an epi-hyal, and a cerato-hyal As in 
other autostylic skulls the hyomandibnlai element is attached by 
ligament to the hinder margin of the palato-quadrate, instead 



^ Cop 


Fig 130 — Side view of the skull of a Sturgeon with the investing membiane bones re 
moved «, Pharyngo branchial , antorbital or lateral ethmoid cartilage AR^ 
articular , epi branchial , c, cerato branchial , Q, notochord , Cop, basi branchials 
d, hypo branchial Be dentary , GK, auditory capsule , Km, hyomandibular , Ky, 
ceiato hyal , Ih, inter hyal , Md, lower jaw , Na, nasal capsule , Ob, neural arches , 
Orb, Orbit , PF, post orbital process , PQ, palato quadrate , Ps, P& , Fs , para 
sphenoid , P^, neural spines , Qu, quadrate JR, rostrum , JRt, ribs , Sp K, 
foramina for spinal ner\ es , Sy, symplectic , TT S, vertebral column , x, foramen 
for the vagus nerve , I V, branchial arches , II V, foramina foi the optic and the 
fifth cranial nerves (From Parker and Haswell, after Wiedeisheim ) 

of bemg directly connected with the periotic capsule, and 
obviously takes no part in supporting the jaws Branchial 
rays for the support of the operculum are attached to the 
cerato-hyal, and some of them have their bases fused together 
The five branchial arches resemble those of the Dog-Bish, except 
that they tend to become concentrated beneath the skull 

The existing Chondrostei,^ and especially the Sturgeon, are 
remarkable for the persistence and contmuous growth of the chon- 
drocranium, and the absence of true cartilage bones. Numerous 

^ W K Parker, Phil Trans 178, 1882, p 139 , Bndge, Phil Trans 169, 
1878, p 683 
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dermal bones invest tlie dorsal surface of the cliondrocianium, 
and only to a limited extent correspond with the less numerous 
membrane bones of the Salmon. To these are added a series of 
circum-orbital bones and a large parasphenoid. Undoubtedly the 
most striking feature in these Fishes is the primitive character 
of the upper jaw. In Polyodon (Fig. 131) the palato-quadrates 
are wholly cartilaginous, and, as in the Dog-Fish, they meet 
in front beneath the basis cranii, where the two are connected 
by ligament. The secondary upper jaw is but feebly developed, 
and IS represented on each side by a thm splint-hke maxing, m 
relation with the outer surface of each palato-quadrate cartilage. 



Fig 131 — Lateral view of the primary and secondary upper and lower jaws of Polyodon, 
h,br', First hasi -branchial , ch^ cerato-hyal , d, dentary, hy h, hypo-hyal , hym^ 
hyoma-ndibular , % Ivy, inter-hyal , % op, mter-operculum , Zys, ligaments connecting 
the palato-quadrate cartilage with the hyomandibular , wk c, Meckel’s cartilage , 
TTiz, maxilla, op, operculum; pa, palatine; paq, palato-quadrate, psl, pre- 
spiracular ligament , q, quadrate cartilage , sym, symplectic. (From Bridge.) 

which meets its fellow in front. There are no premaxillae. The 
lower jaw is also yery primitive. Meekers cartilages are per- 
sistent, and except for a mento-Meckehan bone on each side, they 
aie unossified, although membrane bones representing dentary and 
splenial elements are present. The skull is hyostylic. The hyoid 
and branchial arches are only partially ossified Each opercular 
fold is supported by an operculum and an interoperculum, and both 
of these retam somewhat the shape of the cartilagmous hyoidean 
rays which they have replaced. In the Sturgeon (Fig. 130) the 
upper jaw is greatly modified in relation with the singular mouth 
of this Fish. The palato-quadrate cartilages meet not only in 
front, but also along their dorsal margins, and, with the help of 
the similarly opposed and somewhat fragmentary metapterygoid 
VOL. VII Q 
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cartilages, they form a complete concave roof for the protrusible 
spout-like mouth. Palatine, mesopterygoid, and pterygoid bones 
invest, and in some measure replace these cartilages. In brief, 
the skull of the Choiidrostei occupies an interesting intermediate 
position between the purely cartilaginous and mainly bony types. 
While retaining a well-developed and unt)ssitied primary eraniiim, 
it has acquired a complete secondary cranium of dermal bones. 
Equally notable is the condition of the jaws. Unique among 
the Teleostomi in possessing the typical Elasmobranch union of 
the palato-quadrate cartilages beneath the basis eranii, the Chon- 
drostei are so far specialised that they have acquired certain of 
the membrane bones which constitute the secondary jaws of the 
more typical bony Fishes. 

As regards the general structure of the skull and the nature 
and disposition of its cartilage- and membrane-bones, the remain- 
ing living Teleostomi have much in common with the Salmon. 
In all the skull is hyostylic, and, unlike the Ohondrostei, each 
half of the primitive upper jaw remains distinct from its fellow, 
and is separately articulated in front with the lateral ethmoid 
of the same side by its palatine element. The palato-quadrate 
cartilage is always more or less completely replaced by bones 
similar to those of the Salmon, and although they often carry 
teeth, as a rule they do little more than constitute a rigid 
buttress for the fixation of the quadrate condyle for the lower 
jaw. The secondary upper jaw is nearly always well developed, 
and includes a preinaxilla as well as a maxilla on each side. 
There are, however, certain features in each of the minor groups 
which are either distinctive or highly characteristic. 

In the surviving Crossop terygii (ag. Polyiiteriis^) the chondro- 
cranium is complete in the ethmoidal and post-orbital regions, 
except where it has been partially replaced by cartilage bones, but 
in the inter-orbital region the continuity of the roof is interrupted 
by a large fontanelle, which is only closed by the investing frontal 
bones (Fig. 132, C). There is also a large basi-ci’anial fontanelle 
in the sphenethmoid, closed, however, by the underlying para- 
sphbnoid. A large occipital ” bone continuously ossifies in the 
occipital cartilage and completely surrounds the foramen magnum. 
Prootics and pterotics are absepit, and the opisthotics seem to be 

^ Traqii 9 ,ir, Joum. Anat. and Fhys. v. 1871, p. 166 ; Bridge, Froc. Firm. Fhil. 
Soc. vi. 1888, p. 118 ; Budgett, Trans. Zool. Soc. xvi. Pt. vii. 1902, p. 315. 
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confluent with their respective epiotics. The floor and side walls 
of the inter-orbital section of the cranium are formed by a remark- 
able “ sphenethmoid ” bone which occupies the position of the 
paired ah- and orbito-sphenoids m other bony Fishes , and in one 
species, P Ircprada} it forms m front distinct tubular investments 
round the olfactory nerves. In many respects this bone is singu- 



FiCi 132 — A, side Mew 
of the skull of Pobjp- 
terns , B, dorsal view, 
showing the chief 
dermal boues , C, 
similar view- of the 
chondro- cranium after 
the removal of the 
dermal liones 
Angular ; Ar, articu- 
lar , I), dental y , A’, 
mesethmoid , J w, 
foramen magnum ; 
jPr, fiontal , / lateral 
ethmoid ; max- 
illa, iVa, AV, nasal 
and accessory nasal 
bones , occ, occipital , 
of, nasal aperture , 
Opf operculum , op 0 , 
opihthotic , O.f, OR 
terminale , Pa, pari- 
etal , Piw.y, pre- 
maxilla ; post- 

temporal , Pf/f post- 
fiontal , Qti, qua<l- 
rate ; ^6, cir- 
cum-orbital ossicles , 
aS' Op, fiub operculum , 
Spj splenial ; ap eth^ 
sphenethmoid , sp 0 , 
sphenotic , Spr, 

spiracular ossicles, between which is the spiracle , JS t, supra- temporals ; J", cheek -pi ate 
(pre-operculum) ; V", smaller cheek-plates , z, c, post -spiracular ossicles , 

z\ prespiracular ossicles. In C the cartilage is dotted (From Traquair.) 


laiiy like the sphenethmoid bone of the Erog and other tailless 
Amphibia. A median ethmoid as well as lateral ethmoids are 
present. In addition to the ordinary dermal bones which invest 
the cranial roof there is a transverse row of snpra-temporal 
plates crossing the cranial roof behind the paired panettils 
(Fig. 132, A). Fringing the outer margins of the frontals 
and parietals a row of pre- and post-spiracular ossicles extends 
nearly to the orbits, and between two of them, which form a 
^ Budgett, Trans, Zool, Sog, s.v. 1900, p. 834. 
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valve, IS the spiraculai apeitiiie itselt Theie is i dentigerous 
splenial on the innei surlace of the lowei ]n\ The h}oid aich 
his no sepaiate s}mplectic bone An opuculuin and a subopei 
culum aie present, but no intei-opeiculiuu , ind unless the hindei 
pait of the laige cheek plate, which is tia\eised 1)} the mandibulo 
hyoid sensoi} canal, lepresents a pie-opeiciiluin, the latter is 
wanting Eianchiostegal lays aie absent l)ut theie is a single 
pair of laige jugular plates 

Veiy little is ceitunly known about the cianial caitilage- 
bones in the fossil inembcis of the ^loup, l)ut the investing 
dermal bones, which beai a geiiei il lebembl nice to those of 
Foly^tentb, often somewhat iiioie nuineious, and they form 
a veiy complete deimal armature foi the entire he id There is 
a veiy complete iing of circuin orbital bones, and \eiy often a 
ring of sclerotic plates Two large cheek-plates are often present 
N'othmg comparable to pre- and post-spiraculai ossicles is known 
but squamosal and supia-tempoials can often be identified lo 
the ordinary bones of the lower jaw theie ina} be added a senes 
of infia dentary plates, and besides the paired principal jugular 
plates theie may also be present a small anterior median plate and 
a series of small lateral jugular plates on each side, as in the Car- 
boniferous Bhizodojmb (Fig 274) Most of the superficial dermil 
bones, both in the living and extinct Crossopterygii, are invested 
externally by a granulated or rugose layer of enaniel-like ganoin 

In the Holostei, and especially in Amia, the skull appioxi- 
mites more closely to the normal Teleobtcan tjpe as represented 
by the Salmon's skull In Am%a^ all the occipital cartilage- 
bones are piesent — a basi- occipital, two exoccipitals, and a supra- 
occipital, and, except for the absence of a pteiotic, the periotic 
senes of bones is also complete Paired ali- and orbito-sphenoids 
form the lateral walls of the mter-orbital portion of the cranial 
ca\ity Above, the complete cartilaginous roof of the cranial 
cavity IS invested by a shield of sutuially united and ganom- 
covered dermal plates The hyomandibulai element has a 
symplectic bone at its distal extremity Theie is a complete 
series of opercular bones, and the branchiostegal rays are 
numerous A single median jugular plate is piesent The lower 
jaw has on each side five dentigerous splenial bones in addition 
to dentary and angular bones, while caitilage-bones are lepre- 
^ Sagemehl, Moiph Jahrl ix 1884, p 177 
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sented by articular and mento-Meckelian elements. In its 
essential structure the skull of Lepidostem ^ resembles that of 
Amia, but it has obviously undergone much specialisation. In 
some species Z, ossms) its appearance is greatly modified by 
the exceptional length and tapering shape of the beak, due to 
tlie elongation of that part of the skull which lies between the 
orbital and nasal regions, but in Z jplatyceplialus the reduced 
length and greater width of the beak, combined with its some- 
what flattened condition, impart an almost Crocodilian aspect 
to the head Amongst other points of difference it may be 
mentioned that in Lepidosteus the continuity of the chundro- 
cranial roof is interrupted by a large supenor fontanelle. There 
is no supra-occipital, and there are no lateral ethmoids, at all 
events in the usual position. The inter-orbital portion of the 
cranial cavity is largely obliterated by the formation of an inter- 
orbital septum, consisting of a thin vertical plate of bone, which 
either represents a jiair of fused orbito-sphenoids or a pair of 
similarly modified lateral ethmoids. In addition to the ordinary 
investing dermal bones, including circum-orbitals, squamosal, and 
supra-temporals, there are numerous scale -like ossicles which 
take the place of the cheek-plates of Polyjptems. The maxillae 
are segmented into numerous dentigerous bones flinging the 
margins of the upper jaw. The lower jaw has no mento-Meckelian 
bones, but there is a very complete series of dermal elements, 
including dentary, coronary, splenial, angular, and supra-angular 
bones in addition to an articular cartilage -bone. One of the 
most remarkable features in the skull of Lejpidosteus is the exist- 
ence of a secondary articulation between the metapterygoid bones 
and a pair of transversely elongated condyles formed on each 
side by a lateral outgrowth from the parasphenoid and ali- 
sphenoid bones. By a horizontal sliding movement of the 
former on the latter, provision is made for the lateral expansion 
and contraction of the walls of the oral cavity and the separation 
and approximation of the lateral halves of the upper jaw.^ 

The generality of Teleosts ® more or less closely agree with 
Am%a in the main features of their cranial structure. There are, 
however, certain minor features which are characteristic if not 

1 W. K. Parker, PhtL Trans, 173, 1882, p. 443. » Bndge, KZ S, 1895, p 302. 

* Sagemeh], Morph. JoJirh. x. 1885, p 1 ; xxvii, 1891, p. 489. Swinnerton, 
Quart J Mwr. Bd. xlv. 1902, p. 503. 
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always distinctive of the group. As a rule, to which, nevertheless, 
there are notable exceptions, there is little of the primary carti- 
laginous cranium in the adult, nearly the whole of it having become 
absorbed or converted into cartilage-bones. A supraoccipital is 
invariably present, and usually a mesethmoid and a basisphenoid. 
An additional bone is added to the periotic series, viz. a pterotic. 
Supra-temporal bones and jugular plates are always absent, and 
it may be doubted if mento-Meckelian bones and dentigerous 
splenials are ever developed in the lower jaw. Within the 
group itself the skull exhibits many notable modifications, of 
which only a few can here be mentioned. The shape, size, 
and character of the mouth and jaws, the extent to which they 
can be protruded and retracted, and the nature of the denti- 
tion, are the source of many characteristic modifications in the 
structure and appearance of the fore-part of the skull, and these 
again largely depend upon differences of habit and food. A 
protrusible mouth, or a mouth which is projected forwards, is 
usually associated with a suspensorium (hyomandibular) of con- 
siderable length, and so greatly inclined forwards as to make a 
more or less acute angle with the forepart of the cranium. 

The presence or absence of an inter-orbital septum is also a 
feature in which considerable variation occurs. In some Teleosts 
there is no septum, and the cranial cavity is prolonged forwards 
between the orbits, where its lateral walls are formed by well- 
developed, paired ali- and orbito-sphenoid bones, as, for example, in 
the Carp and other Oyprinidae. In others the fusion of the cranial 
walls is accompanied by the median union of the orbito-sphenoids, 
so that a partly bony and partly cartilaginous inter-orbital septum 
is found, and the cranial cavity becomes largely obliterated in 
this region, as in the Salmon ; or the orbito-sphenoids may be 
non-existent, the cartilage may undergo absorption, and the inter- 
orbital septum may become reduced to a vertical fibrous sheath 
extending between the frontals above and the parasphenoid below, 
as is the case in the Cod {Gadus), 

An interesting modification of certain of the bones of the 
primary and secondary upper jaw occurs in the Siluridae. In 
these Fishes the maxillae are very small and edentulous, and 
serve no other purpose than forming basal supports for the 
ma:?:illary barbels, while the rod-like palatine bone, losing its 
connexion with the pterygoid portion of the primitive upper jaw. 
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])ut retaining its articulation with the lateral ethmoid, serves to 
support the maxilla, and at the same time receives the insertion 
of the muscles by which the barbel is moved in various directions. 

In the Plectognathi the premaxillae are co-ossified with the 
maxillae Many other interesting cranial modifications occur in 
Teleosts, and to some of them reference is made in subsequent 
chapters. 

In some respects the skull of Dipnoi ^ is remarkably like that 
of the Holocephali, especially in its typical autostylism ; but in 
possessing both cartilage- and membrane -bones it in some 
measure approaches the Teleostome skull. The investmg dermal 
bones are not always easy to identify with those of other Fishes. 
In Neoeeratodus an anterior median membrane -bone or dermal 
mesethmoid covers the ethmo-nasal legiou, and, on each side of 
it, forming the anterior boundary of the orbit, there is situated 
a pre-orbital or dermal lateral ethmoid Behind the mesethmoid 
there is a much larger posterior median bone, and on each side a 
singular backward prolongation of the dermal lateral ethmoid 
separates it from a squamosal element. The latter bone 
descends on the outer surface of the quadrate portion of the 
palato-quadrate cartilage as far as the condyle for the lower 
jaw. Collectively, these bones form a fairly complete invest- 
ment to the upper surface of the cranium, but the posterior 
median bone and the adjacent portions of the dermal lateral 
ethmoid and the squamosal are widely separated from the 
underlying chondrocranium by the powerful jaw muscles, and 
in this respect they differ from the ordmary roofing bones of 
other Fishes. 

In Froto;pterus (Fig. 133) and Lejpidos%ren (Fig. 134) the 
posterior median bone is non-existent, and its place is taken by 
a large fronto-parietal, which forms the greater part of the 
cranial roof, internal to the jaw muscles, and is much larger 
in the latter Dipnoid than in the former. Circum-orbital bones 
are present only in Meoceratodus. A large parasphenoid i^upports 
the cranial floor. Vomers are absent, although there are two 
small vomerine teeth. Eelatively small opercular and inter- 
opercular bones are present, and on the inner surface of each 

^ Gunther, Phtl Trans. 161, 1871, p 621; Huxley, P 1870, p. 81; 
"Wiedeisheim, Morjph, Stud. 1 . Jena, 1880, p. 46 , Bridge, Trwns. Zool. Bam. 

1898, p. 850. 
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may be found vestigial rena^Lins of caitilaginous hyoidean lays 
The chondrocranium is complete in Neouyatodus, but m 
the remaining geneia it has uiideigone consideiable absoiption 
in the mter-oibital legion, so that the loof and floor, and, in 
part, even the side walls of the ciaiiial cavity, are formed by 
the fionto-parietal and parasphenoid bones Two exoccipitals 
are present in all Dipnoi,* Theie are small labial caitilages 


tile 



Fig 133 — Side \iew of fhe skull oi P'iotoptefni^ with the pectoral girdle and hn aifi^ 
Angular, an c, an torbitol cartilage , cr, coracoid caitilage (epi coiacoid) , c hy, cerato 
hyal , clavicle 6 r, cranial iib , cso coraco scapular cartilage d deimal 
ethmoid , die, dermal lateral ethmoid , e g f, external gills , eo exoccipital , fp 
fronto panetal , mk c, Meckel s cartilage 7? a, neui al arches , ol c, fenestrated roof 
of the olfactory capsule , p f skeleton of the pectoral hn , p pt, palato pterygoid 
bone , p q, palato quadrate cartilage , s d, supra clavicle , sp, splenial , sq, squa 
mosal , 1 6, the branchial arches , the segmentation of the second and third arches 
IS not sliown (Fiom Wiedersheim ) 


in lelation with the venti ally-placed nostrils, and large lateial 
outgrowths from the ethmoid caitilage furnish the olfactoiy 
oigans with conspicuous lattice-like roofs A pair of strong 
palato-pterygoid bones fiinge the lower margins of the palato- 
quadrate cartilage, and meeting m front beneath the ethmoid 
region their symphysial extremities support the large palatal 
teeth The Meckelian cartilages are persistent in all Dipnoi In 
ISfeoceratodus each is flanked by a dentary and an angulai externally, 
and internally by a splenial, but m Protopte7us and Lefidosiren 
distinct dentary bones are wanting The hyoid arch is best 
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developed in Neoceratodus} and includes a small hyoniandibular car- 
tilage, a partially bony cerato-hyal and cartilaginous hypo-hyal and 
basi-liyal element In the other genera (Fig. 133) only a cerato- 
hyal is retained The branchial arches are but feebly developed 
in the Dipnoi. Neoceratodiis has five, of which the first four are 
divided into epi- branchial 
and cerato - branchial seg- 
ments, while the fifth is 
undivided. Protopterus has 
SIX, but only the second and 
third are segmented as in 
Neoceratodus - In Lepido- 
sLreyi all the arches are 
simple undivided rods. 

In all three genera the 
skull conforms to the same 
general type of structure, 
but it is much more primi- 
tive in Neoceratodus than 
in the other two genera. 

With reference to the 
fossil Dipnoi, it may be 
stated that, so far as they 
are known, the cranial 
roofing bones are more 
numerous than in the exist- 
ing genera, and they cannot 
readily be compared with 
those of the latter, or with 
the numerically reduced and 
more definitely arranged 
bones of most Teleostomi. 

There is also evidence that in some fossil Dipnoi (e.g Pipterui) 
the chondrocranium and the mandibular suspensorium (palato- 
quadrate) must have been replaced by cartilage bones to an 
extent which has no parallel m any of the surviving types.® 
Jugular bones were present in Bipterus and Phmeropleuron^ 



Fig. 134 — Dorsal view of the skull of Lepido- 
svt en an c, Condyle ou the quadrate cartilage 
for the lower jaw , n sp^ neural spine ; 
operculum For other reference letters see 
Fig 133. (From Bridge.) 


1 Ridewood, P.Z S 1894, p. 632 ’ Thd p. 638. 

■* Tiaquair, Ann Mag Mat. Btst (5), ii 1878, p. 1. 



234 


FlhHES- 


CHAP. 


Median Fins and Appendicular Skeleton 

The Median Pins. — Whether existing in the form ot a 
continuous fin, or as discontinuous isolated fins, the medidu 
fins are provided with skeletal supports, and also with muscles, 
primitively formed from intrusive clusters of cells derived 
from a variable number of the neighbouring inyotomes, for 
their varied movements. The skeletal structures of the dorsal 
and anal fins consist of a series of bony or cartilaginous, rod- 
like, and typically tri-segmented radial elements or pterygio- 
phores,^ supporting distally a series of dermal structuies in 
the shape of numerous slender horny fibres or ceratotrichia, 
as in the Elasmobranchii and Holocephali, or a smaller number 

of bony dermal fin- 
lays, which are prob- 
al)ly modified scales 
or lepidotrichia,^ as in 
the Teleostomi. The 
typical tri - segmented 
character of the radi- 
alia is often retained 
in many existing Elas- 
niobrauchs (Fig. 135) 
and in Pleuracan- 
thus, in Keoceratodus 
amongst the Dipnoi, 
in the Chondrostei, 
in existing Holostei 
(Fig. 136), and to a 
greater or less extent 
in several families of Teleosts {e.g. Salmonidae, Esocidae, 
Gyprinidae, and some Acanthopterygii) ; but in the latter 
group the radialia are greatly prone to reduction, and hence 
they are more generally bi-segmented, and sometimes consist 
of a single proximal segment only (e.g. Gymnotus), In 
all these Fishes the proximal segments are the longest 
and the most persistent, and when reduction occurs it is at 

^ Thacker, Trans. Comiedicut Acad. iii. 1877, p. 281 ; Mivart, Trans. ZooU 
Soc. X. 1879, p. 439 ; Bridge, Linn. Soc. Journ. Zool. xxv. 1896, p. 530. 

^ Goodrich, Qmrt. Journ. Micff. Bd. 47, 1903-1904, p. 465. 



Fig. 135.— The cartilaginous radialia of the first doisal 
hn of Mustelns untaicticu*}. (From Mivart.) 
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the expense of the middle and distal segments. The cause of 
this reduction is often, l)ut not always, to he found in the 
fact that, whenever the dermal fin-rays take the form of stout 
spines, as m the anterior dorsal fin in mg-ny Acanthopterygian 
Teleostei, the segmentation of their radialia would obviously 
detract from their value as skeletal supports, and hence they 
rarely consist of more than their proximal segments, although 
the radialia which in the same Fish support soft rays may be 
bi-segmented or tn-segmented The radialia are, however, un- 
segmented, even slightly branched, cartilaginous rods in the 
Cyclostomata ; short simple rods in the Holocephali , and equally 
simple ]>ony rods m the dorsal fin of Polyjpterus^ where they sup- 



rays of part of tlie doisal fin of Amm calva gemlraf showing the chain- 
p s, m 8, and d s, The proximal, middle, and links for the nng-like bases of 
distal segments of a ladial , /r, fin-rays. (From the fin-rays 7 e\ i e\ First 
Bridge. ) and fourth proximal radialia 

port the strong spines of the numerous finlets ; but they are bi- 
segmented in the soft-rayed anal fin As previously mentioned, 
the proportional share taken by the radialia and the horny fibres 
or the dermal fin -rays in the support of the fins differs greatly 
in different Fishes. In the Cyclostomata radialia are the sole, 
and in Elasmobranchs the mam supports, and they may extend 
nearly to the free margm of the fin. In the more specialised 
Fishes, as in most Teleostomi, the reverse is the case. The 
radialia sink into the muscles of the body-wall and leave the 
strongly developed fin-rays as the sole support of the visible 
portions of the fins. In not a few Fishes there is an obvious 
segmental correspondence between the radialia and the vertebral 
neural or haemal spines, to the extent that the former equal the 
latter in number and articulate with their distal extremities, as, 
for example, in the caudal region of Fleumcanthm and in existing 
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Dipnoi. In others again, as in most Teleostoini, there is no such 
segmental relation, and the radialia are more numerous than tlie 

vertebi*ae whenever the two are co-ex- 
tensive. The exoskeletal fin- supports 
exhibit similar relations to tlieir radialia, 
but in inverse order. Much more numer- 
ous than the radialia in the Elasmo- 
branchs, Holocephali, and the I )ipnoi, the 
former become gradually reduced in the 
Teleostoini, until in the Holostei and Tele- 
ostei tliey correspond in number with the 
supporting radialia. Complete numerical 
correspondence between the neural and 
haemal spines 
and the radi- 
alia and fin- 
rays is very 

Fig. 138.— The posterior dorsal rare, and has 

fin of BoloptycUm lepto- . i \\\£IFR 

from the old Red Sand- 06611 00- 

stone of Nairnshire. Traces served in the 
of dermal fin -rays may be j i 
seen at the distal margin of caudal region 
the fin. (After Smith Wood- of certain 

^ Crossop teryg i i 

{e.g, the Coelacanthidae)."^ 

In not a few Fishes the radialia of 
the median fins undergo modifications 
which offer an interesting parallel to 
an early stage in the evolution of the 

paired fins from primitively continu- 139 .— a dermal fin-ray and 

^ ^ n mu j...- siipporting radial or 

OUS lateral tins. I he concentration Ot pterygiophore in the Trout 

radialia which occurs in isolated median 

... 4 .U u. 4 . 1 . fan-ray; PTa.l,PTG.2,i?i^.3, 

fins often results, through growth pres- the proximal, middle, and 

»». in th, complete tuaen o£ the 

proximal segments of more or fewer of ptg.z is cartilaginous ; the 

the radialia into two or three basal p^telndHasweU.) 

supports, or even into a single basal 

piece. Examples of such basal fusion are frequent in the 
dorsal fins of Elasmobranchs, and the same modification may also 
be seen in the anal fin of Pleuracanthus, and especially in the 
’ Smith Woodward, NaL Sc. i. 1892, p. 29. 
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NZYG 


VST 


HZYG 


dorsal fin of the Devonian Crosgopterygian, Eolo;ptyGh%us^ (Fig. 
138), wlieie several ladialia, which are free distally, have their 
bases united into a single basal piece, or basipteiygmni. lu 
most Teleostomi elevator and depressor muscles arise fioni the 
ladiaha, and aie inserted into diffeient points on the bases of the 
fiii-iays, and by their contraction the latter may either be elevated 
into an erect position, or folded back like a fan along the middle 
hne of the body, where, as in some Teleosts, theie is a groove for 
their leception. When fin-rays are only capable of simple eleva- 
tion or depression, the connexion between a radial element and 
its fin -1 ay is usually by 
some form of a hinge-joint, 
the cleft base of the ray 
clipping the distal segment 
of the radial (Fig 139) 

In some Teleosts the articu- 
lation of the two IS by 
means of a kind of chain- 
link (Fig. 137), In those 
Fishes in which the median 

fins are capable of lateral — Caudal end of the vertebral column of 

, , , . j.T_ Si.^ovi{Salmo fano) ON, Centrum , D Fi?, 

undulatory movements the dermal fin-rays , H SP, haemal spine , H ZYG, 

articulation is of a more zygapophjsis , NSP, neural spme, 

N ZlGr, neural zygapophysis , UST, the up- 
moblle character tilted, partly ossified, and unsegmented ter- 

In the different types and 

of caudal fin, diphycercal, 

heterocercal, and homocercal, the supporting elements of the 
ventral lobe are formed by the haemal spines of the terminal 
caudal vertebrae which are inclined backwaids, and are often 
greatly expanded for the purpose (Fig. 140). The dorsal lobe 
may be suppoited either by the adjacent neural spines, or by 
radialia, or by both 

The Appendicular Skeleton.^ — It is probable that the skeleton 
of the paired fins and the pectoral and pelvic girdles have been 
formed from the supporting radialia of the isolated and enlarged 
anterior and posterior portions of primitively continuous lateral 



^ Smith. "Woodward, JBt%L Mus Cat Foss Fishes^ 11 . 1891, p. 335 
® W. K. Parker, Shoulder-girdle arid Sternum of V&rtebrata^ Ray Soc 1868 ; 
Gegenbaur, Unteisuch Yergl Anat Wirhelth, Pt. ii. Leipzig, 1865 , Wiedersheira,. 
Das Qhedmassenshelet d, Wirbelth, Jena, 1892 
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fins, by a sequence of structural modifications in the same direc- 
tion as in the median fins. The initial stage was probably 
marked by the fusion of the proximal portions of the radialia 
to form a basal support or basipterygiuin for the free distal 
portions. Subsequently, it may be, a rudiment of the future 
limb-girdle became segmented oft‘ from the inner extremity 
of the basipterygiuin, and by its dorsal and ventral growth 
in the body-wall the lateral half of a girdle was developed. 
The subsequent union of the two halves across the mid-ventral 
line resulted in the evolution of the dorsally incomplete hoop 
of cartilage which is the x^rimary form of the complete limb- 
girdle in Craniates. The primitive fin skeleton or “archi- 
pterygium” was formed from the residue of the basipterygium 
in conjunction with the free distal radialia which it carried. 
The precise structure of the archipterygiuni is purely hypothetical. 
Possibly it was a biserial fin of the Fleimicanthns or Xeoceratodiis 
type, consisting of a cartilaginous segmented axis, fringed along 
its anterior and posterior, or pre-axial and post-axial margins, by a 
series of slender, simple, or jointed radialia (Fig. 147); or it 
may have been a uniserial structure, somewhat resembling the 
pelvic fin of Pleumcantlim, or the pectoral and pelvic fins of 
existing Elasmobranchs (Figs. 250, 141), in which an axis, 
formed by the residue of the basipterygium or metapterygium 
had a fringe of radialia on its anterior or preaxial side only. 
If the archipterygiuni was biserial then the uniserial fin was 
probably derived from it by the subsequent supxiression of all 
the post-axial radialia ; or, if uiiiserial, the biserial fin was evolved 
by a later extension of radialia on to the post-axial margin. The 
evidence of comparative anatomy is not conclusive as to the 
nature of the archipterygium, and palaeontology seems to support 
either view with puzzling impartiality.’- It may be admitted 
that the lateral fin theory offers the best solution of the problem 
of the origin of the paired fins, but it must be borne in mind 
that no Fish, living or fossil, is known to possess fins of this 
nature, unless the singular lateral lobes of some Ostracodermi 
{e,g, the Coelolepidae) are kindred organs ^ ; neither do continuous 
lateral fins ever exist as vestiges, unless, indeed, the bilateral 
series of spines, which extend between the pectoral and pelvic 

^ Traquair, Nature, 62, 1900, p. 502. 

^ Traquair, Trans. Roy. Soc. Edi%, xxxix. 1899, p. 843. 
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Crossopterygli and Chondrostei an infraclavicle or clavicle proper, 
while one or two post-clavicles'' may be present in relation with 
the hinder margin of the cleithrum. The infraclavicles, or in 
their absence the cleithra (eg. Holostei and most Teleostei), 
usually meet in a median ventral symphysis, so that the secondary 
giidle tends to acquire the characteristic hoop-hke arrangement 
of its parts which has been lost in the primary girdle TTith 
the development of a bony secondary girdle, the primary giidle 
(scapula and coracoid) becomes much reduced, and, as a rule, 
does little more than connect the hns with the cleithra. 
The secondary girdle acquires a dorsal connexion with the skull 
on each side by means of the 
post -temporal bone, which is 
attached below to the supra- 
clavicle and above to the periotic 
capsule In the Chondrostei 
and the Dipnoi the primary 
girdle retains its primitive carti- 
laginous condition, but in the 
Crossopterygli, Holostei, and in 
all Teleosts it is ossified as dis- 
tinct scapulae and coracoids. To 
these may be added in some 
Teleosts a mesocoracoid formed 
by a separate ossification of the 
coracoid cartilage (Fig. 143)^ 

With the possible exception 
of small paired or median carti- 
lages inserted between the mner 
extremities of the basipterygia 
in Polypterus and a few other 
Teleostomi, the pelvic girdle is absent in all the existing members 
of this group, having either become completely suppressed, or 
remaining unseparated from the basipterygia of the pelvic fins ^ 
In the Dipnoi (Fig. 144) there is a true pelvic girdle which has 
some points of resemblance to that of certain of the caudate Am- 
phibia. It is represented by a median, lozenge-shape, cartilaginous 

^ It is more probable that la most existing Teleostomi the pelyio girdle has 
undergone complete suppression, in 'wbicb case these cartilages aie vestiges and 
not rudiments. 

® See, however, Goodrich, Quart. Joum. Micr^ xlv. 1901, p. 311. 

VOL. VII R 



Fig. 144 — Ventral Mew of the pelvic girdle 
of Protopterus a, Prepubic piocess; 
5, lateral process for the fin ; c, epipnbic 
proce«is , frr, ndge for the OTigin of the 
hn iimscles ; skeleton of the 

tin, M, myotomes , 21^, mjocomnaata 
(From Wiedersheim ) 
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plate, produced in front into a long tapering epipubic process, 
and on each side of this into a forwardly inclined prepubic pro- 
cess. The hinder part of the plate l»ears two short processes for 
the basal cartilages of the x)elvic hns. There is no trace, how- 
ever, of iliac processes. 

The Pectoral Fins. — The skeleton of the pectoral fins exhibits 
remarkable structural variations in different Elasmobranchs. In 
the existing members of the group two large basal cartilages, the 
propterygium and the mesopterygimn, are formed by the concen- 
tration and fusion of the proximal portions of certain of the 
preaxial radialia, and they, with the inetapterygium, articulate 

with the pectoral girdle ; 
hence the fin is tribasal 
as well as uniserial (Figs. 
141 and 146, A, B). In 
striking contrast to all 
other Elasmobranchs the 
pectoral fin of Cladoselaclie 
(Eig. 145, A) is far more 
Xirimitive than in any other 
Eish. Each fin is supported 
by a distal series of slender, 
more or less 

jointed, cartilaginous 
radialia, and basally by a 
similar series of shorter, 
stouter, and less numerous 
cartilages, which apparently 
vrere imbedded in the body- 
wall, the entire fin skeleton 
presenting a striking re- 
semblance to an isolated 
median fin in which the supporting radialia have concentrated 
by growth pressure, and their proximal portions have been 
reduced in number by partial fusion.^ Pleuracanthus, on the 
other hand, had a biserial fin, the preaxial and postaxial radialia 
supporting fan-like clusters of horny fibres at their distal ends 
(Eig. 250). 

The broadly lobate pectoral fin of the existing Crossopterygii 
^ Basliford Dean, Jnat. Ans. xi. 1896, p. 673. ^ 



Fig. 145. — A, Pectoral fin, and B, pelvic fin of 
Cladoselache. (From Ba'shfoid Dean.) 
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fins, in some of the Lowei Devonian Acanthodei (e g Chmatius), 
may be legarded in that light 

The Pectoial and Pelmc Gi'tdUs — The pectoial gndle is moie 
piimitive in Cladoselatke mdi PI eui acanthus than 111 any othei 
Elasmobianch In the foimei (Fig 145, A) it may be doubted 
if the gndle has passed beyond the basipteiygial stage, and 
although a definite girdle is present in the latter genus (Fig 
250) its lateral 
halves letain their 
pi imitive distinct- 
uess Existing 
Elasmobiandis, in- 
cluding the Holo- 
cephali, have a 
pectoial gndle in 
the foiin of a 
dorsally incomplete 
hoop of cartilage 
imbedded 111 the 
muscles of the 
body-wall, close 
behind the last 
branchial aich (Fig 
141) The upper 
or doisal poition 
of each half is the 

scapula and the pectoral girdle and the fin 

^ .. of an Elasmobrancli Dermal homy 

ventiai is tlie coia- fibres , tmso mesopterjgmm , ineta, metapterygmm 
cold Between pectoral girdle , pto, propterygiiim (Fiom Parkei 

and Hoswell ) 

these two portions 

of the girdle, and definmg their hmits, theie are articular surfaces 
for the basal cartilages of the pectoral fin 

Cladoselache (Fig 145, B) had no pelvic girdle, nor does it 
appear that this primitive Elasmobranch had acquired even 
a basipterygium Pleuracanthus, on the contrary, had a pair of 
pelvic rudiments distinct from well-developed basipterygia In 
other Elasmobranchs there is a distinct girdle, formed by the 
median union of primitively distinct lateral rudiments, consisting 
of a simple transverse bar of cartilage, imbedded in the ventral 
abdominal wall, just in front of the cloaca! aperture, and having 
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articulated to each of its outer extremities the ])asal cartilage 

(metapterygiuin) of the pelvic 
fin. Sometimes there is a rudi- 
ment of a dorsally-directed '' iliac ” 
process at each extremity of the 
girdle, but in no Eish do these 
processes ever acupiiic a dorsal 
connexion witli the vertebral 
column. In the Holocephali the 
iliac processes are better developed 
than in any other Fishes, but 
ventrally the lateral hnlves of the 
girdle are united l)y ligament 
alone. In the Teleostomi im- 
portant differences are observable 

Fro. 142.-The kft h^f of the pelvic both girdles. The primary 
girdle and the right pelvic hn of ... . i 

Metapterygiuni , Cartilaginous pcctoral girdle now 



(Ftom Parker and consists of distinct lateral halves 

nasweli.) 1.11 

which have no ventral connexion 
with each other. In addition, there is developed on the outer 
surface of each half a series of membrane bones, wiiich form 



Fig. 143.— Left half of 
the pectoral girdle of 
a Tiout 

seen horn the inner 
surface. CL, Clavicle 
(cleithrum) ; COK, 
coracoid ; D.F.R^ 
dermal fin -rays; 
MS. COR, nie&o-cora- 
coid; KCL, P.OL\ 
post - clavicles 
PTGr.l, proximal 
pfg.’J, distal pterygio- 
phores ; P. Lil/, 
post-temporal; S.QL^ 
supra-clavicle ; SOP, 
scapula. (From 
Parker and Haswell.) 


a secondary girdle (Fig. 143). From above downward the series 
includes a supraclavicle and a cleithrum (clavicle of Teleosts) 
which are always present, and to these may be added in the 
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(Fig. 146, G-} is umserial, closely resembling that of the more 
typical Elasmobranchs.^ There are three basal elements, a pro- 
pteiygium, a mesopterygmm, and a metapterygium, each of 
which supports a series of pai-tially ossified radialia Little is 



Fig. 146 — Pectoral fins of various Fishes A, Acanthtm %ulgaris; B, Raici sp ; 
C, Qhimaera moTistrosa , D, Acipeviser /hy/ichaeub , E, Amiacalva, F» Lepidosteus 
platyrhyryihus ^ G, Polyptents hiJiir , H, Salmo saVodmus The preaxial side of 
each fin is to the left and the postaxial to the right /.r, Dermal fin-ray , ms, 
niesopter^gium ; mi, metapterygium , p, propterygium ; r, free radialia , 1, 5, the 
preaxial and postaxial basal elements in a Teleost, which may be mesopterygial and 
inetapterygial pieces respectively, the three remainmg basal pieces probably being 
intrusive metapterygial radialia directly articulating -w ith the pectoral girdle. In 
B, D, E, and F, similar intrusive radiedia are shown, {From Gegenbaur.) 

known of the endoskeletal elements of the broadly or acutely 
lobate fins of the fossil Crossopterygii, but it seems probable 
that their disposition was uniserial and abbreviate in obtusely 
lobate fins and biserial in acutely lobate fins. In the remaining 
Teleostomi (Actinopterygii) the endoskeletal elements become 
^ Budgett, Tmns. ZooL Soc, xvi, Part-vii 1902, p 328. 
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gradually reduced in number and importance, their place as 
fin - supports being usurped by the dermal fin - rays. In 
addition, more than three, usually several, basal elements 
articulate directly with the pectoral girdle, and hence the 
fins become multi-basal. In the Chondrostei and the Holostei 
a metapterygium is always recognisable, supporting several 
radialia along its preaxial border, as in Acipenser (Fig. 146, 

D) and Amia (Fig. 146, E), or only 
a single one, as in Lepidostcus (Fig. 
140, F). The anterior part of the fin 
is supported by a variable number of 
cartilaginous or bony radialia, which, 
with the metapterygium, articulate with 
the limb-girdle. In Teleosts the pro- 
cess of reduction reaches its maximum. 
Usually there is but a single row of 
short, hour-glass-shaped ossicles, of which 
the postaxial one may represent a ves- 
tigial metapterygium, and sometimes 
there is also a distal row of small 
cartilages or ossicles, partially hidden 
in the cleft bases of the dermal fin- 
rays (Fig. 146, H). In all these Fishes 
the fin is a much reduced uniserial fin, 
in which more or fewer of the preaxial 
radialia have acquired a direct secondary 
connexion with the pectoral girdle. 
Of living Dipnoids ISfeoceratodus has a 
nearly typical biserial fin, but, as seems 
to be the case in all fins of this type at 
present known, there is a marked ab- 
sence of symmetry in the number and 
disposition of the radialia on the two sides of the axis. There 
is also much individual variation. No two fins are precisely 
alike, and the radialia may sometimes divide. In the very 
acutely lobate fins of the remaining Dipnoids it is evident that 
great reduction has taken place. Proto^pterus has lost all trace 
of postaxial radialia, and in Lejpidosirm even the preaxial have 
atrophied, leaving only the long jointed axis to represent the 
originally biserial fin. 



Fig. 147. — The left pectoral fin 
of JS'eoceratodus, G, Firbt 
two segments of the axis ; 
preaxial horny hi ires ; t, f, 
pre- and post-axi.d radialia. 
( After W leder^iheim. ) 
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The Pelvic Fins. — In the simplicity of their endoskeletal 
supports the pelvic fins of Glacloselaclie are the most pnmitne 
type of paired fins at present known (Fig 145, B). In general 
structure they resemble the pectorals, but the radialia are fewer 
in number, less modified by concentration, and exhibit httle, 
if any, trace of basal fusion. Add to such features as these 
the apparent absence of any trace of pelvic rudiments, or of 
basipterygia, and it will be obvious that tlie pelvic fins differ 
but little from the median fins of the same Fish except that 
they are paired In Flei/racanthus the pelvic fins differ from 
the corresponding pectorals in being uniserial instead of biserial 


(Fig 250) All other 
Elasmobranchs, including 
the Holocephali, have uni- 
serial fins, which consist 
of a large metapteiygium, 
supporting a preaxial 
fringe of segmented 
radialia A proptery- 
gium is sometimes present, 
notably in some of the 
Skates and Bays, and, like 
the metapterygium, it is 
directly connected with 
the pelvic girdle 

The skeleton of the 



Fig 148 —Skeleton of a pelvic fin of Polyoihn 
folum, ventral vievv, -with the anterior margin 
of the fin to the riglit ; to show the partial 
fusion of the provimal portions of primitively 
distinct radialia to form a hasiptengium. d, 
Innei or mesial extiemity of the haaipterygium ; 
d.p, dorsally directed, rudimentary iliac process , 
n, foramen for nerves. (After Rautenteld.) 


pelvic fins of the Teleostomi is often extremely degenerate. 
It IS perhaps best developed in the Chondrostei,^ where each 
fin IS supported by numerous segmented radialia, more or 
fewer of which fuse towards the base of the fin, and those 
form a large and slightly ossified hasipterygium (Fig. 148). 
In the living Crossopterygii, Holostei, and Teleostei, the pelvic 
fins are similar in essential structure, but are very degenerate. 
The hasipterygium is usually well developed and is always bony 
(Fig. 149), and in many Teleosts it acquires so extensive a 
sutural connexion with its fellow that, physiologically, it supplies 
the place of a true pelvic girdle. At its distal end there may 
be a single row of small cartilaginous or bony nodules repre- 
senting vestigial radialia, as in the Crossopterygii, Holostei, and 


^ Thacker, Trans Connectimt Acad iv. 1877, p. 233 
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Teleostei, but even these may be absent, and the dermal fin-rays 
then articulate directly with the basipterygium. Little is known of 
the skeleton of the pelvic fins in the fossil Crossopterygii, but there 



is evidence of the existence of a higher 
grade of structure than in their surviving 
allies. In jEustlieno;pteron^ for example, 
the fin is supported by an axis of at least 
three bony segments, with at least three 
ossified preaxial radialia ; hence, it has 
obviously undergone less degeneration than 
in Polypternis, where the fin -skeleton is 
essentially Teleostean. In the Dipnoi the 
pelvic fins are similar to the correspond- 
ing pectoral fins, but individual variation 
is more marked and even the central 
axis may divide.^ In the males of all 
existing Elasmobranchs, including the 
Holocephali, certain of the more distally 


Fig. 149. —Skeleton of tiie situated metapterygial radialia become 


left peivw fin of a T^ont modified to form a supporting skeleton 

(Salmo fano), seen from . . _ ® 

tiie dorsal surface. B.PTG, for the copulatorv organs, the claspers, 

f 'PT^’ mixipterygia. In the latter group 

distal radialia. (From the anterior claspers are also provided 
Parker and Hasweii.) cartilaginous supports articulating 


with the pelvic girdle directly in front of the pelvic fins. 


^ Traquair, Geol. Mag. vii. 1890, p. 15 ; Goodrich, Z.c. 

2 Haswell, Froc. Liwn. Soc. K.S. W. ix. 1884, p. 71 ; Howes, F.Z.S. 1887, p. 3. 
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THE DENTITION, ALIMENTARY CANAL, AND DIGESTIVE GLANDS 

The alimentaxy canal is a muscular tube with an epithelial 
lining, formed for the reception and the digestion of the food 
It begins with a mouth, and from thence it extends backwards 
through the coelom, finally communicating with the exterior 
either by a cloacal or by an anal orifice. The oral or buccal 
cavity into which the mouth leads is a stomodaeum, and is lined 
by inpushed epidermis, while the hinder portion of the cloaca 
and the anus are Imed by a somewhat similar inpushing of the 
epidermis which forms the proctodaeum. The rest of the 
alimentary canal, consisting in succession of a pharynx, an 
oesophagus, a stomach, and an intestine, constitutes the mesen- 
teron, and is lined by endoderm. Teeth are developed from the 
walls of the stomodaeum, and glands for the secretion of digestive 
fluids from the endoderm of the mesenteron. 

Dentition. 

In the Lampreys among the Cyclostomata teeth are developed 
in the form of yellow conical structures on the mner surface of 
the buccal funnel, and on the extremity of the rasping “ tongue ” 
(Fig. 91 , A) Each tooth consists of an axial papilla of the 
dermis, sometimes enclosing a pulp -cavity, and invested by 
the epidermis, and also by a stratified horny cone which fonns 
the projecting hard part of the tooth The dermal papiUa with 
its ectodermal investment bears a superficial resemblance to the 
germ of a true calcified tooth, but no odontoblasts axe formed, 
nor any calcic deposit, the laminated horny teeth being formed 
by the gradual conversion of the successive strata of the 

247 
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epidermic cells into lioruy layers.^ The old teeth are vertically 
replaced by new teeth developed beneath the functional teeth. 
With the exception of a median tooth above tlie oral aperture, 
Myjcine and its allies have only lingual teeth. These are comb- 
like, and they are formed by the basal fusion of primitively 
distinct tooth -germs. The structure and development of the 
teeth of the Cyclostomes lend no support to the view that the 



Fig. 150. — Vertical section of developing tooth in Petromynm mrbmSy showing a 
successional tooth, which is just beginning to comity at its apex beneath the 
functional tooth, d, Dermis ; d.p, dermal papillae ; e}), epidermis lining buccal 
funnel ; epidermis which has formed the horny functional tooth ht ; 
epidermis forming the horny cone of the successional tooth ht"^. (From Warren.) 


teeth are degenerate calcified structures. With greater prob- 
ability they represent a stage in the evolution of teeth and 
dermal spines, which has been succeeded by a later stage in 
which calcification superseded cornificatiou as a method of 
hardening. 

True calcified teeth first make their appearance in Fishes, 
where they assume the form of modifications of exoskeletal 
structures.^ The teeth of Elasmobranchs are identical in essential 
structure, as well as in the manner of their development, with 
the ordinary dermal spines of the skin, and in the embryo the 

^ Warren, Quart, Journ, Micr. Sci, xlv. 1902, p. 631. 

^ See Ridewood, Nat. Sci. viii. 1896, p. 391, for referencefo. 
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dermal spines form a continuous series with those which invest 
the jaws and eventually become teeth (Fig, 151). It is only 
later, when lips become apparent, that the continuity of the 
teeth and dermal spines is interrupted, and the two structures 
assume their distinc- 


tive characters. 

The tissues of which 
the teeth of Fishes are 
composed are (1) den- 
tine, which IS a non- 
vascular, calcified 
tissue, traversed by 
numerous radiating, 
branched, dentinal 
tubuli, into which ex- 
tend protoplasmic pro- 
longations from the 
cells (scleroblasts) by 
which the dentine is 
secreted. Dentine 
forms the greater part 
of the body of a tooth. 

(2) vasodentine and 

(3) osteodentine are 
modifications of ordi- 
nary dentine, 
former containing 
blood - vessels ramify- 
ing in its substance 





Fig. 151 — Transverse section through the lower jaw of 
an embryo Scylliuni, to show the gradual transition 
from dermal spines {d, d, d) on the outer surface of 
the jaw to teeth {t, t, t) on the oral surface c, Car- 
tilage of the lower jaw. (From Gegenbaur.) 


but no dentinal tubules, and the latter more closely resembling 
bone (4) enamel, an exceptionally dense, non -vascular, non- 
tubular tissue, which may or may not exhibit traces of the 
prismatic structure so characteristic of this tissue in the higher 
Vertebrates, forms the outer investment of the teeth. 

As regards their fixation, the more primitive forms of teeth, 
such as those of Elasmobranchs, are simply embedded in the 
gums, and are only connected with the jaws by fibrous tissue ; 
but in some of the older fossil Sharks the fixation of the teeth 
is effected by the mutual articulation of the basal plates of the 
teeth with one another. The Chondrostean Polyodon, so shark- 
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like m many other lespeots, also has teeth implanted hasally m 
the gums, and quite fiee fiom any special connexion with the 
jaw -hones In some Teleosts with movable teeth, the latter 
aie meiely attached to the laws by fibious, and often elastic, 
ligaments, as in the Pike {Ebo%) and the Anglei-Pish {Zo2)hms) 
As a lule, however, the teeth aie directly ankylosed to the 
bones developed in relation with the jaws Very laiely, as, for 
example, in some Characinidae, aie the teeth implanted in 
sockets 

Neaily all Pishes aie polyphyodont, that is, the old teeth are 
constantly replaced by new teeth as fast as they become worn 
down 01 fall out In the Sharks and Dog-Pishes^ foi example, 
wheie the teeth are aiianged in lows paiallel to the axis of each 
jaw, the functional teeth along the upper edge of the jaw are 

usually elect, while those in the 
rows more internally situated point 
inwards towaids the oial cavity, 
and behind these again theie aie 
rows of developing teeth in different 
stages of giowth, and partially hidden 
beneath a projecting fold of the oral 
mucous membiane (Fig 152) As 
the teeth in use become lost they 
aie successively leplaced by the 

inner lows, which, with the mucous 

Fxg 152— Trans-^erse section through membrane in which they aie em- 
the law of a Shark (Oarchands), i 1 1 j n t j. i 

showing how the teeth are re bedded, move forwards to the edge 

placed c, Cartilage of the jaw , of the law, wheie they become elect 
t functional tooth , i its im t i mi ^ . i a . -i 

mediate successor, t', t , still and functional The teeth of the 

younger teeth, covered by the Holocephall and of the Dipnoi aie 

(From itidewood ) not slied, but the loss which they 

sustain through weai and teai is 

made good by persistent growth at their bases In the Teleo- 

stomi the succession is less regular, new teeth being formed between 

01 at the bases of the old teeth In the case of socketed teeth 

the succession is usually vertical, the new teeth being formed at the 

sides of the old ones , and by the absorption of the bases of the 

latter, the former come to lie directly below them, and eventually 

they occupy the same sockets 

As might be expected from the remarkable diversity in the 
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habits and in the food of different Pishes, the teeth exhibit an 
equally striking diversity m form, size, and structure. The 
most primitive type of tooth resembles an ordinary dermal spine, 
and is little more than a simple pointed cone. A few Elasmo- 
branchs and many Teleostomi possess teeth of this kind. By 
the flattening of the cone parallel to the axis of the jaw, the 
tooth becomes triangular, and then the margins may either 
remain smooth and trenchant^ or they may become complicated 
by the formation of marginal serrations or of accessory basal 
cusps, and by such modifications the characteristic teeth of 
most Elasmobranchs are formed. The simple cone may also 
be modified to fo:fm crushing teeth — short, blunt, more or less 
hemispherical teeth — or even transformed into a mosaic of hexa- 
gonal plates, as in the Myliobatidae amongst Elasmobranchs. 
Massive, flattened, scroll-like crushing teeth are also formed by 
the fusion of adjacent teeth, or of several successional teeth, and 
of such composite teeth we have examples in the Heterodontidae 
and in the Palaeozoic Cochliodontidae. By a somewhat similar 
process of concrescence the anomalous composite teeth of such 
Teleosts as the Diodons and Tetrodons, and of the Parrot-Pish 
{Scarm), have been evolved. The singular dental structures 
of the Holocephali are probably composite teeth, and it is 
certain that the highly characteristic teeth of the Dipnoi have 
resulted from the basal fusion of primitively distinct simple 
conical denticles. The dentition is often heterodont. In JSetero- 
dontus (Cestmcion), for example, the anterior teeth in each jaw 
are pointed and prehensile, while the hinder ones are scroll-like 
and crushing. Prehensile and crushing molar-like teeth are also 
present in such Teleosts as many of the Sparidae, and in the 
Wolf- Pish (Anarrhichas) The existence of sexual differences 
in the dentition is illustrated in the Skates and Bays (Baia), 
where teeth which are simple and pointed in the male become 
flattened and plate-like in the female A few Teleosts, like the 
Syngnathidae, Oyprinidae, and some Siluridae, are entirely devoid 
of jaw-teeth. 

In addition to jaw-teeth, many Teleosts possess pharyngeal 
or gill-teeth, developed in connexion with the inner margins of 
the branchial arches, to which they are usually firmly ankylosed 
(Figs. 352, 412 and 413) As a rule ''the pharyngeal denti- 
tion is inversely proportional to the extent of tooth development 



252 


FISHES 


CHAP. 


on tlie jaws.’'^ Pharyngeal teeth differ greatly in size and 
structure in different Teleosts, and, like the jiiw-teeth, they are 
capable of replacement by vertical succession. The teeth are 
sometimes restricted to the inferior pharyngeal bones (cerato- 
branchials of the last branchial arch), and then, as in the Carp 
(Cyp'iniis), they may bite against a callous pad on the under 
surface of the basioccipital bone ; or, as in some of the Wrasses 
(Lcibrus), the inferior teeth are opposed to superior teeth on the 
upper pharyngeal bones (pharyngo-branchials of more or fewer 
of the branchial arches). When iiharyngeal teeth are present 
it IS probable that they are the principal masticatory organs, the 
jaw-teeth being used for seizing or holding the prey. 

Alimentary Canal. 

A protrusible tongue is never developed in Fishes. A rudi- 
ment of that organ is present in the Elasmobranchs (Fig. 163) 
and Dipnoi, and also in the Crossopterygii, and usually consists 
of an elevated area of mucous membrane provided with free 
lateral edges and a forwardly projecting apex ; it is supported by 
the basi-hyal element of the hyoid arch. In the Crossopterygii 
(e.g. Poly;pterus) the tongue contains muscle fibres, and in the 
Dipnoi, where the organ is better developed than in any other 
Fishes, special Lingual muscles are present. 

The pharynx succeeds the oral cavity, and is perforated on 
each side by the branchial clefts (Figs. 153, 154). The rest of 
the alimentary canal differs considerably in various Fishes in 
the degree of distinctness of its several regions, and in the 
extent to which it is convoluted. As a rule the pharynx is 
followed in succession by an oesophagus, a stomach, and an 
intestine (Fig. 153), the latter terminating in a portion usually 
termed the “ rectum.” The boundaries of these regions are not 
always very obvious, but are indicated by variations in calibre, 
by changes in the character of the lining epithelium, by special 
valves or sphincter muscles, or by the entrance of the ducts of 
certain glands like the pancreas and liver. The oesophagus is 
occasionally separated from the stomach by a slight constriction, 
but more frequently the replacement of the squamous epithelium 
of the oesophagus by the columnar epithelium of the stomach 
^ Ridewood, op, cit. p. 390. 



ALIMENTARY CANAL 


2S3 


and the appearance of gastric glands in the wall of the latter 
cavity afford the only distinction between the two regions The 


Fig 153 — Di&sectiou of a 
male Dog-Fish {Scyl- 
Inm), The left side of 
the body is cut away 
to the median plane so 
as to expose the ab- 
dominal and pericardial 
cavities and the neural 
canal in then whole 
length. The almieutary 
canal and the liver have 
been drawn downwai'ds, 
and the oral cavitj, the 
pharynx, part of the 
intestine, and the cloaca 
have been opened The 
cartilaginous pai ts of the 
skeleton aie dotted, and 
the calcified poitions of 
the vertebral centra ai e 
black. ahdxaVi Abdo- 
minal cavity , a% au- 
ricle , 5 hr, basi - bran- 
chial ; h hy, basi-hj al , 
cait, conus arteriosus, 
cd,a, caudal artery , 
cd.st, cardiac part of the 
stomach ; al v, caudal 
vein , d, cloaca , cn, 
centrum , cr, cranium , 
cr6, cerebellum , d ao, 
dorsal aorta , djen, tha- 
lameucephalon , eptd, 
epididymis , fan, fouta- 
nelle , gul, oesophagus ; 
La, haemal aich ; 
% br.a^ — i hr a,® internal 
gill -clefts; loit, intes- 
tine , kd, kidney , Ij, 
lower Jaw ; lli, left lobe 
of liver; medobl, me- 
dulla oblongata , mes, 
mesentery, n,(i, neural 
arch ; ncav, neural 
canal; olfl, olfactory 
lobes ; opt Z, optic lobes , 
pan, pancreas , pcd,cav, 
pencardial cavity ,pct a, 
pectoral arch , y/A, 
phaiynx ; pin, pineal 
body ; p.n d, vestigial 
MuUerian , duct , prs, 
prosencephalon , pty, 

pituitary body ; pv,a, pelvic arch , pyLst, pylonc portion of the stomach ; r, rostrum ; r It, nght 
lobe of liver ; rd gl, rectal gland , spiracle , spmal cord ; opl, spleen ; sperm 
sac ; sp vl, spiral valve ; s.% sinus venosus ; tng, tongue ; ts, testis ; n g,s, urmo-genital smus , 
uj, upper law , ur, metanephnc duct ; v, ventocle ; vao, ventral aorta; v.(w,V8S deferens 
or mesonephric duct ; vs.s&n, vesicula seminalis. (EVom Wiedersheim, after T, J. Pai’ker.) 
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commencement of the intestine is usually indicated, by a pyloric 
“valve” (Fig. 155, A, B), in the form of a ring-like, inwardly 
projecting thickening of the circularly-disposed muscle fibres of 
the terminal extremity of the stomach, and usually also by the 
entrance of the distinct or united ducts of the liver and pancreas : 
sometimes, as in certain Elasmobranchs and in the Dipnoi, by a 
special dilatation or “ Bursa Entiana ” (Fig. 155, A). The rectum, 
or terminal portion of the intestine, is distinguished from the rest 
of the gut by its straight course to the cloacal aperture or the 
anus, and sometimes by an increase in calibre. In Box vulgaris 
and a few other Teleosts^ a caecal diverticulum indicates the 
commencement of the rectum, while in a few cases the pre- 
rectal portion of the intestine communicates \vith the enlarged 
rectal segment by a much constricted valvular orifice which is 
suggestive of the ileo-colic valve of the higher Vertebrates,“ as 
in the Teleosts Aymiurus caius'f Trigla gitrnardm, and Oydo- 
loteriis lamims. 

The relation of the regional divisions of the intestine in 
Fishes to those of other Vertebrates are somewhat difficult to 
determine. If we may regard the rectal ” gland of Elasmo- 
branchs and the intestinal caecum of certain Teleosts as homo- 
logous with each other, and with the caecum eoli of the higher 
Vertebrates, then it would seem that by far the greater part of 
the intestine of Fishes, including that portion in which a spiral 
valve may be developed, is homologous with the pre-caecal 
segment of tlie gut or small intestine in other Vertebrates, and 
that the post-caecal section, or large intestine, of the latter is 
represented in Fishes only by that relatively short portion of the 
gut which lies posterior to the rectal gland or its homologue in 
Teleosts, the e(][uivalent of the colon of Mammalia being, as in 
Amphibia, Keptiles, and Birds, practically undifferentiated.'^ 

In the Cyclostomata the alimentary canal retains much of its 
primitive simplicity. It pursues a straight course from mouth 
to anus, and the usual regions are very obscurely indicated. The 
same remarks apply also to the Holocephali and a few Teleosts, 
although in these Fishes the limits of the different regions are 

^ For references see Howes, Linn, Soc. Joum, Zool. xxixi. 1890, p. 381. 

^ Howes, op. cit. 

® Macallum. Keprinted from Froc. Canadian Instit. ii. 1884, p. 387. 

^ Howes, qp. cit. 




2S<5 


FISHES 


CHAP. 


somewhat more clearly defined. In the Dipnoi (Fig. 155, A), a 
contracted sigmoid curve between the somewhat dilated stomach 
and the spacious intestine is the only'departure from the straight 
course of the preceding groups. 

In the remaining Fishes the degree of convolution varies 
within rather wide limits. The oesophagus is usually straight 
and wide, but in Lutodeira, among Teleosts, it is long and even 
convoluted, and in the Plectognath Teleosts it gives off a large 
sac-like outgrowth (“ air-sac which extends anteriorly as far as 
the head, and posteriorly to the beginning of the tail, and 
communicates with the oesophagus by two apertures. The 
stomach may be U-shaped with the concavity directed forwards, 
and consisting of a right limb passing backwards from the 
oesophagus, and a left limb curving forwards to its junction 
with the intestine (Fig. 153). In such instances as these the 
stomach and the adjacent section of the intestine describe a 
characteristic siphonal curve. In certain other Fishes (Fig. 160), 
the oesophageal portion of the stomach terminates behind in a 
tubular or sac-like dilatation at some distance posterior to the 
laterally situated pylorus, which indicates the origin of the 
intestine. The intestine is straight, or nearly so, in Elasmo- 
branchs, Crossopterygii, and Dipnoi, and also in a few Teleosts ; 
but sometimes, and very generally in Teleosts, it is more 
or less convoluted, notably in some of the Mugilidac, and in 
the Loricariidae, where, as in Plecostormis, it is disposed in 
numerous spiral coils like a watch - spring. The terminal 

portion of the intestine or rectum either opens into a cloaca, 
which also receives the urinary and genital ducts, as in Elasmo- 
branchs (Fig. 153), and Dipnoi (Fig. 155, A), or opens externally 
by an anus, situated in front of the separate or united urino- 
genital ducts, as is the case with all the remaining groups 
of Fishes (Fig. 154). The cloacal aperture is invariably 

situated near the junction of the caudal and trunk regions, and 
as a rule is median in position, rarely, as in the Dipnoi, displaced 
to the right or left of the middle line; but the anus differs 
greatly in position, sometimes retaining its primitive position at 
the hinder end of the trunk, as in the Holocephali, Chondrostei, 
Crossopterygii, Holostei, and many Teleosts, or occupying almost 
any position between that point and, as in the “ Electric Eels 
(Gymnotidae), the ventral surface of the throat (Fig. 351.) 
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Fig. 155 — A, alimentan" 
canal and li\er of a 
female JProtoptey 
tlie left side. Part of 
tLe left wall of the 
stomach and intestine, 
and the peritoneal in- 
vestment of the spleen 
have been removed ajp, 
Abdommal pore , b 
bile duct ; b ent, Bursa 
Entiana ; cl^ cloaca; 
cl a;p, cloaca! aperture , 
cl c, caecum cloacae ; 
cm a, coeliaco mesen- 
tenc artery, d, bile 
duct , & df kidney duct , 
m CL, mesenteric ai- 
tenes ; od, oviduct , 
jpto, post-caval \em 
or inferior vena ca\a; 
pv, portal vein ; the 
other reference letters 
as in B. (From 
Newton Parker.) B, 
viscera of an adult 
UmdilALc'pidostms, ven- 
tral view. The oeso- 
phagus, the commence- 
ment of the intestine 
and the rectum have 
been laid open db, 
air-bladder , an, anus , 
bd, mtestmal aperture 
of the bile-duct ; g b, 
gall-bladder , gl, oeso- 
phageal aperture of the 
air-bladder , hd, hep- 
atic duct , I, liver , oes, 
oesophagus , py- 
lorus , py e, pyloric 
caeca, jpy^d, the four 
intestini orifices of the 
pylonc caeca , r, rec- 
tum , s, spleen , sp % 
spiral valve , st, 
stomach (From Bal- 
four and Newton 
Parker.) 


VOL. vn 
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The whole length of the alimentary canal from the oeso- 
phagus to the rectum is invested externally by the visceral 
layei of the peritoneum (Fig 156), which histologically consists 
of a stiatum of connective tissue, suppoiting on its fiee sur- 
face an epithelial stratum (coelomic epithelium) Piimarily, 
the investing peritoneum is continued both dorsally and 
ventrally into bdaminar suspensory folds, the dorsal and ventral 
mesenteries (d ms, v ms), which extend to the nnd-dorsal or mid- 
ventral line of the abdominal cavity The two layers then 
separate and become continuous with the paiietal layer of the 
peritoneum linmg the whole of the inner surface of the 
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verse process , 
and Haswell ) 


•0 m, ventral muscles , v ms, ventral mesentery 


Fig 156 — Transverse section 
of a Fish, diagiammatic 
cn Centrum cod, coel 
ome , d a dorsaf aorta 
df, dorsal hn , d m, dorsal 
muscles , dLms dorsal 
mesentery , f<t, fin ray , 
gon gonad , int, intestine , 
I iJ, lateral vein , msn 
mesonephios msnd 
mesonephric duct , n a 
neural arch , p parietal 
layer of the peritoneum 
y, visceral la>er , pcv 
posterior cardinal vein , 
pn d Mullerian duct , r 
ventral nb , r , dorsal rib , 
sp c spinal cord , t p, trans 
(Modified, after Parkei 


body -wall Embryologically, the two mesenteries owe their 
foimation to the fusion above and below the mesenteron of the 
contiguous walls of two laterally situated and primitively distinct 
coelomic cavities The dorsal mesentery in the adult is occa- 
sionally complete, as in the Myxinoid Cyclostomata and in 
the Elasmobranch Hypnos sub'mgrum} and also in some Dipnoi 
and in a few Teleosts, but mudh more frequently it is reduced 
by absorption to anterior and posterior remnants, or to a senes 
of isolated bands, or even, as in the Lamprey (Petromyzon), to 
a few filaments accompanying the mtestmal blood-vessels The 
ventral mesentery, on the contrary, is rarely present, and if 
present is never complete In Lepidosteus ^ a ventral mesentery 

^ Howes F Z S 1890, p 669 

2 Balfour and JSTewton Parker, Ph%l Trans 173, 1882, p 425 
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is said to be present in connexion with that part of the 
intestme which contains the spiral valve. In Protoperus} and 
also in IpQoc&TQ/todjVjsf' there is a well-developed ventral mesentery 
in relation with the greater part of the length of the intestine, 
although in the former Dipnoid its continuity is mterrupted by 



Fig. 167. — Transverse section through a portion of the wall of the intestine, combined 
from the condition seen in both the higher and the lower Yertebrata. Semi- 
diagrammatic. a.c, Epithelial cells m the amoeboid state , 6 u, blood-vessels , c m, 
ciicular muscular layer , g, one of Lieberkuhn's glands m the higher Vertebrates ; % ej3, 
intestmal epithehum , 1, leucocytes ; leucocytes m the mtestinaJ epithelium ; I /, 
lymph follicles , I m, longitudinal muscular layer ; lym, lymphatic vessels ; p, 
visceral layer of the peritoneum ; sm, the submucosa , viUi of the higher Verte- 
biates. (Prom Wiedeisheim.) 


one or two vacuities, and in the latter the mesentery is incom- 
plete posteriorly. A ventral mesentery is also present m the 
intestinal region of some of the Muxaenidae among Teleosts,® 
Internal to its peritoneal investment the wall of the alimentary 
canal consists in succession from without inwards of (1), a 

V 

^ Newton Parker, Trans, Roy, Irish Acad xxx, 1892, p. 140. 

2 Gunther, RUl, Trans, 161, 1871, pp. 642-643. 

® Owen, Anat, Rhys. Vertebrates^ London, 1866, i. p. 424. 
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muscular coat, (2) the submucosa, and (3) an epithelial stratum 
or mucous membrane, the first two of these layers, with the 
addition of the peritoneum, being derivatives of the inner or 
splanchnic portion of the embryonic mesoblast.^ 

Excluding the oesophagus, where the muscular coat is mainly 
composed of striated fibres, the musculature of the alimentary 
canal usually consists solely of non-striated, spindle-shaped fibres 
disposed in two layers, an external stratum of longitudinally 
arranged fibres, and an inner stratum of circularly disposed fibres 
(Eig. 157), with the addition, in the stomach, of an oblique layer 
between the two. In the oesophagus the reverse arrangement 
may exist, the circular layer being external and the longitudinal 
internal. The muscular coat varies considerably in thickness in 
different regions and in different Eishes, and in the Cyclostomata, 
the Holocephali, some Teleosts, and the Dipnoi may be very 
feebly developed, or even entirely absent, as in the intestine of the 
Hag-Eish (Myxine). In the Gillaroo Trout {Salmo stomacMcus)^ 
on the contrary, the distal section of the siphonal stomach has its 
musculature unusually thickened, so as to form an incipient 
gizzard for the crushing of the shells of the freshwater Molluscs 
on which the Eish feeds. In some of the Mullets (Mugilidae),® 
a true gizzard is developed by the enormous thickening of the 
muscular coat of the caecal stomach, the cavity of which, in 
consequence, is reduced to a mere vertical fissure, and is lined by 
an exceptionally thick, horny epithelium. 

There are a few exceptions to the rule that the muscular 
fibres are of the non-striated variety. Thus in some Teleosts, as in 
the Tench (Tinea vulgaris), striated fibres are continued from the 
oesophagus into the walls of the stomach and intestine, and there 
form an outer longitudinal and an inner circular layer, situated 
externally to the corresponding layers of the non-striated stratum. 

^ For the histology of the alimentary canal and its glands in Fishes, see Leydig, 
Lelirh. d, JSistol. d. Menschen u. d. Tiere, 1867 ; Id. Beitr. zu viikrosh, jdnaL u. 
BntwzcM, d. JRochen u. Haie, Leipzig, 1852 ; Id. Anat.-Mstol, UnteTsioch, ub, Fische 
u. Rejptilien, Berlin, 1853 ; Molin, Sitz. d, Tc. Akad. d. TFiss. zu Wien, v. 1860, 
p. 416 ; iMacallum, Proc. Canadian Inst. N.S. ii. 1884, p. 387 ; Id. Joum. Anat. 
and Phys. xx. 1886, p. 604 ; FT. Parker, Trans. Roy. Irish Acad. xxx. 1893, p. 109 ; 
Ayers, Jen. Zeitsch. xviii. 1885, p. 479 ; Edinger, Archiv f. mikr. Anat. xiii. 1876, 
p. 651 ; Trinkler, Archvof. mikr. Anat. xxiv. 1884, p. 174. Also Oppel, Lehrl. d. 
vergl. mikrosk. Anat. d. Wirbeltiere, i.-ii. Jena, 1896-97, where numerous other 
references are given. 

® Owen, op, cit. p. 418. 


® Owen, l.c. 



IX 


ALIMENTARY CANAL 


261 


In the Siluroid, Amiurus, the striated fibres of the outer circular 
layer of the oesophagus are continued, although but sparsely, into 
the inner circular layer of the stomach. 

The submucosa (Fig. 157) lies between the muscular layer 
externally and the epithelial Iming internally, and is charac- 
teristically developed m the stomach, and even more so in the 
intestine. Histologically, it consists of a framework of connective 
tissue, enclosing in its meshes masses of leucocytes (lymphoid 
tissue), some of which are amoeboid and migratory, and may 
even be found between the cells of the intestinal epithelium 
(includmg in some instances the cloacal epithelium), probably 
actively participating in the transmission of food material 
from the alimentary canal to the lymphatics and blood-vessels ; 
while other and somewhat similar, but larger, leucocytes (phago- 
cytes), are concerned with the elimination of waste substances or 
noxious micro-organisms. In addition to the diffused lymphoid 
tissue of the submucosa, special rounded or oval, and sometimes 
encapsuled, masses of this tissue (lymph follicles) are common in 
the intestinal wall (Fig 157) of Ac^jpemer, the IDipnoi and some 
Elasmobranchs, and are perhaps the only representatives in Fishes 
of the solitary follicles or "PeyeFs patches” of the higher 
Vertebrates. A mass of lymphoid tissue exists in the axis of 
the spiral valve of Acipenser, which has been compared with a 
similarly situated structure in Le>p%dosirm} In some Elas-* 
mobranchs a large lymphoid organ is imbedded in the submucosa 
of the oesophageal wall, while a local thickening of the tissue is 
met with in the pyloric sphincter. Protopterus is remarkable 
among Vertebrates for the extraordinary development of lymphoid 
tissue,^ which, apart from its distribution in the submucosa, is 
abundantly present between the longitudinal and circular muscle 
layers, and the peritoneal and muscular coats of the intestine. 

In addition to the lymphoid tissue the submucosa contains non- 
striated muscle cells and plexuses of capillary blood-vessels, which 
in certain Loaches (e g. MisguTnus\ where intestinal respiration 
occurs, extend between the cells of the mtestinal epithelium, A 
network of lymphatic spaces or vessels surrounds the blood-vessels. 
In some Elasmobranchs the small arteries of the submucosa of 
the stomach are provided with smgular sphmcter muscles, which 

^ Hyrtl, Lepidosix^n ^arcbdoxo/. AbhaTid, d, bohm,, Gesell, d, Wiss, 1845, p. 629. 

2 Newton Parker, op, dt. 
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occasionally encircle both the artery and the corresponding 
vein.^ 

The lining epithelium differs considerably in character in 
different portions of the alimentary canal. The epithelium of the 
mouth, pharynx, and anterior section of the oesophagus is often 
squamous and is succeeded in the hinder part of the oesophagus, 
and in the stomach and intestine, by a columnar epithelium. 
As a rule the epithelium of the rectum is also columnar, but in 
Elasmobranchs it may become squamous. Goblet colls are of very 
frequent occurrence throughout the whole length of the alimentary 
canal, from the mouth to the rectum inclusive, interspersed 
between the superficial epithelial cells; in the same position 
in the intestine migratory leucocytes have been found. The 
primitive ciliation of the Vertebrate alimentary canal is retained 
to a greater or less extent in many Fishes, and is sometimes, but 
not always, associated with a feeble development of the muscula- 
ture. In the larval form of Petromyzon {Ammocoetes), the whole 
canal is ciliated except the pharynx and rectum; but in the 
adult ciliation is retained only in places which gradually become 
fewer as the rectum is approached. In the Myxinoids, however, 
cilia are said to be absent. 

In the Dipnoi (e.g. Protojpterus) the epithelium of the stomach 
and intestine is largely ciliated, but in Elasmobranchs, ciliation 
is usually restricted to the posterior portion of the oesophagus 
and the edge of the spiral valve. Among the more generalised 
Teleostomi (e.g. Aeijpenser, Lejpidosteus, Amia), the oesophagus, 
stomach, and intestine may be ciliated, but to an extent which 
varies in different genera. The pyloric appendages, when present, 
are also more or less extensively ciliated. In Teleosts, however, 
the recorded instances of ciliation are relatively rare. Neverthe- 
less, ciliated epithelium has been found in the intestine of a few 
species (e.g. ETiomhus aculeatus and Syngnathus acus), and also in 
the pyloric appendages; in the stomach (e.g. Perea and JSsooj), 
and even in the oesophagus (e.g. Perea). 

The mucous membrane, including the submucosa, is frequently 
developed into variously arranged ingrowths projecting into the 
lumen of the alimentary canal ; these are generally of the nature 
of longitudinal or transverse ridges, or a combination of the 
two, giving rise to retiform structures. The simple longitudinal 
^ Paul Mayer, Mitt. zool. Stat. zu ITeapelj viii. 1888, p. 307. 
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folds, which are sometimes found in the oesophagus, stomach, and 
rectum, often disappear on distension, and probably merely 
provide for the enlargement of these cavities dunng the degluti- 
tion of relatively large prey, or for the accumulation of faeces. 
On the other hand, the permanent and often complicated folds of 
the intestmal mucous membrane are probably related to an 
increase in the secretive or absorptive area of this portion of the 
alimentary canal. In the stomach the mucous membrane is 
usually smooth, rarely, as in the “Electric Eel” {Gymnotus), 
reticulate. In the intestine the folds assume a highly character- 
istic and often complicated disposition.^ In the Cyclostomata 


c 



Fig. 158. — The intestinal mncons membrane of different Fishes, to show the transition 
from simple longitudinal and transverse folds to crypts. A, Of an Blasmobranch , 
B, 0, and D, of various Teleosts. (After Wiedersheim.) 


the folds are simple and longitudinally arranged. In Elasmo- 
branchs (Jig. 158, A), obliquely transverse folds are present in 
addition, and, uniting with the longitudinal ridges, bound Imear 
depressions. 

In various Teleostomi (Eig. 158, B, C, D), the union of the 
two series of folds becomes more or less retiform, and the network 
of intersecting ndges bounds a series of deep tubular crypts which 
appear to penetrate to a considerable distance mto the intestinal 
wall, and possibly foreshadow the characteristic Lieberkuhn’s 
glands of Mammalia. Crypts may also be found in the stomach, 
where they receive the apertures of the gastric glands, as in 
AmiuruSf but more usually they are restricted to the intestine. 
In the Dipnoi (e.g. Proto^teTus^ the mucous membrane of the 

^ Wiedersheim, LehTh^ d. v&rgl d, WwicUhierCf ed. ii. Jena, 1886, p. 

576. 
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stomach, and — excluding the Bursa Entiana where a number of 
oblique folds are present — of the intestine also, is, on the con- 
trary, perfectly smooth. 

In addition to transverse and longitudinal folds the mucous 
membrane of the various sections of the alimentary canal is often 
developed into outgrowths which are more or less linear.^ In 
the oesophagus these may be papilliform, as in Box and Caesio ; 
obtuse in AGi;pe7iser, hard and almost spine-like in species of 
Bhombus; or in the form of pyramidal retroverted processes 
with jagged or fringed edges, as in the Spiny Dog-Eish 
{Acanthias mdgdTii). In the Basking Shark {SeJaclie) similar 
processes are present, which, near the stomach, become unusually 
long and branched, so that the entrance to that cavity is 
surrounded by a series of backwardly-directed arborescent tufts. 
Peculiar papillose or tag-like processes of the mucous membrane 
are frequently present on the spiral valve of Elasmobranchs, in 
the intestine of such Teleosts as Balistes, Mugil and some 
Pleuronectidae, and also in the rectum of Bliomlus maximm. 

Of all the outgrowths from the mucous membrane of the 
alimentary canal the so-called “ spiral valve ” of the Cyclostomata, 
Elasmobranchs, Holocephali, Chondrostei, Crossopterygii, Amiidae, 
Lepidosteidae and Dipnoi is the most characteristic. The first 
appearance of this structure was probably in the form of a straight 
longitudinal fold or ridge projecting into the cavity of the 
intestine, similar, perhaps, to the typhlosole of many Inverte- 
brata. This primitive condition is not retained in any existing 
Fishes, although it may be closely approached in the larval 
Oyclostome (Ammocoetes), and is perhaps also indicated in the 
straight anterior portion of the spiral valve of Bohjptems. 
Absent altogether in the Myxinoids, the valve is represented in 
its simplest condition, as in certain other Cyclostomata (e.g. 
Petromgzon), by a ridge of mucous membrane which commences 
anteriorly on the dorsal side, and, after describing a partial 
spiral as it passes backwards, terminates posteriorly on the 
ventral side, the width of the valve not exceeding half the 
diameter of the intestine. This simple type of valve is repeated 
in embryo Elasmobranchs, but in the adults of these Fishes the 
valve becomes much more complicated, and exhibits a wide range 
of structural variation. The increased complexity of the valve 

^ Owen, op, cit p. 415. 
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seems to depend on several factors, the effect of which, in different 
Elasmobranchs, is best studied in a series of valves of progressively 
higher differentiation ^ 

In a hypothetical simple type of valve, easily derivable from 
the more primitive t}pe of Fetromyzon, it may be conceived that, 
while not exceeding in width the semi-diameter of the intestine, 
the valve becomes disposed in several complete and more 01 less 
closely approximated spnal turns, the free edge of the valve being 
on the same level as its attached margin, and leaving an open 
axial canal along the centre of the gut The nearest approach 
to this hypothetical type, which has been compared, not inaptly, 
to un escaher tournant sans noyau, is perhaps to be found in the 
Thresher-Shark {^Alo'pec'ias %ul^6s) 

The structure of the more complicated spiral valves of other 
Elasmobianchs are well illustrated within the limits of the single 
genus Raia 

In one specimen of Ram sp (Eig 159, A) the last four coils 
of the valve are similar to those of the hypothetical type, but the 
more anterior ones, owing to the gieatei width of the valve, 
which here exceeds the semi-diameter of the intestine, have their 
free margins deflected downwards, while that portion of the valve 
which forms the flrst half turn is coiled inwards upon itself, so as 
to form a hollow cone, open dorsally, and having its apex directed 
forwards In other examples a further modification is intro- 
duced by the increasing width of the valve, which now, through- 
out its whole length, equals the semi-diameter of the intestme , 
and by the formation of an axial columella by the thickened fiee 
edge of the valve, which is traversed by a central band of 
unstriped muscle, as well as by the intra-mtestinal artery and 
vein, and takes the place of the central canal of the precedmg 
types The valve is, howevei, still regular, and its free margm 
remains on the same level as the corresponding portion of the 
attached edge In other specimens, agam, additional complica- 
tions are introduced by a still further inciease in the width of 
the valve, which now exceeds, often considerably, the semi- 
diameter of the mtestine, and the consequent deflection of the 
free edge of the valve either forwards or backwards (C and D) 
As shown in C the \alve, in consequence of the backward deflec- 
tion of its free margin, presents the appearance of a nest of 
^ T Jeffeiy Parker, Trans Zool Soc xi 1879, p 49 
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imperfect trimcated cones with their apices directed backwards, 
the successive cones adhering so closely to one another that they 
combine to form a central conical chamber with a spirally disposed 
cavity winding round it. In D, on the contrary, the free edge 
of the valve is deflected forwards, so that, as in C, a nest of cones 



D 

Fig. 159. — Examples of various types of the spiral valve in Elasmobranchs. A, B, C, 
and D in specimens of Raia spp.; E, in S^hyrna mallms. A, B, and D represents 
longitudinal sections of the mte&tme, the ventral poition of the valve being re- 
moved. In C successive portions of the ventral wall of the intestine have been cut 
out. In E the intestme has been opened along the mid -ventral line and its wall 
reflected to the nght and left ; the ventral portion of each coil of the “ scroll ” valve 
has been removed. In most of the figures the pylorus is shown in the upper part, 
and the “rectal’’ gland in the lower. (Prom T. Jeffery Parker.) 


is formed, but the apices of the successive cones are directed 
forwards instead of backwards. Notwithstanding these variations 
in the structure of the valve as a whole, the first coil or half coil 
nearly always resembles that described in A. 

It is obvious that the structure of the valve varies consider- 
ably within the limits of the genus, and it may be added that 
various intermediate types of structure occur between A and B, 
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A and C, and A and D. The individual variations are perhaps 
even more remarkable, and appear to be quite independent of age 
and sex. By way of example it may be mentioned that valves 
approximating to one or other of those represented by C and D 
occur in different individuals of Ecuia maculata of the same sex 
and similar in size, even in young specimens not more than three 
inches in length. 

As regards other Elasmobranchs, the common Dog-Fish 
(ScylUum caniculaY has a well-developed spiral valve disposed 
in twelve coils, which structurally represents a more highly 
developed example of the type D. The existence of considerable 
individual variation is nevertheless indicated by the fact that 
in one specimen examined the valve was mtermediate between 
0 and D, five of the eight cones projecting forwards and three 
backwards. In a specimen of NoUdanus sp.^ there were as many 
as twenty coils, which in disposition were intermediate between 
B and 0, approximatmg, however, more nearly to B. In a 
specimen of the Port Jackson Shark {Seterodontusy the valve 
had eight coils, and in structure was also intermediate between 
B and 0, but approached more nearly to 0. Some of the 
Hammer-headed Sharks (e g. Sjphyrna malleusy possess a type of 
spiral valve which differs considerably from any of those hitherto 
described, and is termed a "scroU.” valve (Fig. 159, E). The 
attached edge of the valve pursues a straight longitudinal course, 
or at any rate only describes a half turn and back again in 
passing from the pyloric to the cloacal extremity of the gut. In 
the middle of its course the width of the valve is about equal to 
two-thirds of its length, but towards either extremity it gradually 
diminishes until the free and attached margins meet. The valve 
thus constituted is roUed upon itself from left to right, the 
successive coils being comparable to a series of cylinders placed 
one inside the other, and becoming gradually larger both in 
length and diameter from within outwards. A similar valve is 
present in some of the Carcharhdae. 

In the Holocephali (e.g. Ghimaera monstrosaY the valve 
describes only three and a half coils, and is further remarkable 
in that the attached margin, for a considerable portion of its 

^ Jeffery Parker, op, cit, pi. xi. Pig. 5 * p. 68. 

® Ibid p. 68 ^ p. 69. 

® Ibid, p 58, pi xi Pig. 6 
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extent, does not form a regular spiral but describes only a slightly 
sinuous course. Posteriorly, the valve is more normal, and con- 
sists of about two cones with their apices directed forwards. 

In the Dipnoi the spiral valve is well developed, and in Neo- 
ceratodus^ describes nine coils, and in Protojpterus^ six or seven. 
The structure of the valve in the latter Dipnoid resembles that 
of Scyllium canioula, except for the smaller number of cones. 

In the more generalised Teleostomi the valve is best developed 
in the Sturgeon {Acijpenseo') and in Pohjpterus. In the former^ the 
valve is restricted to the posterior half of the total length of the 
intestine, often extending to within an inch of the anal aperture, 
and describing in its backward course about seven or eight coils. 
The width of the valve is about e(jual to the semi-diameter of the 
intestine, and the thickened free margin forms a well-marked 
axial columella, round which the cavity of the gut winds, as in 
the type B, except that the spiral is a more open one. In 
PolyjQterus the valve begins close to the solitary pyloric caecum, 
and for some distance pursues a straight longitudinal course, but 
eventually forms a few spiral coils, ceasing, however, at a con- 
siderable distance from the anus. The evidence afforded by 
petrified faeces or coprolites ” proves that certain extinct Oross- 
opterygii (e.g. Macro;poma^ Megalichthys), like their living repre- 
sentative, Polypterus, possessed a spiral valve.'^ In Amia and 
Lepidosteus^ the valve is almost vestigial, being restricted to the 
terminal portion of the intestine, and is somewhat variable as to 
the precise number of its coils. In Amia there are nearly four 
coils, extending over 3 cm., that is less than a tenth of the total 
length of the intestine, but in some specimens the coils do not 
exceed two and a half or three in number. Lepidosteus ^ has a 
still shorter valve which, in specimens of T-IO cm. in length, 
may not consist of more than three and a half coils, and in much 
larger specimens may be reduced to less than two coils, a 
variation which suggests that a reduction takes place in the 
number of coils as the fish increases in age and size. The 
structure of the valve in the three last-mentioned genera 
resembles that described in Acipenser, and in none of them does 

^ Gunther, op. cit. p. 544. 2 jq-ewton Parher, op. cit. p. 141, 

® Macallum, Joum. Anat. and Phys. xx. 1886, pp. 618, 619. 

* Owen, op. dt. p. 424. ® Macallum, l.c. 

® Balfour and Newton Parker, op. cit. p. 425. 
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the width of the valve so far exceed the semi-diameter of the 
intestine as, by forward or backward deflection, to give rise to 
the highly characteristic cones of Elasmobranchs and Dipnoi. 

In the more specialised Teleostomi (Teleostei) the spiral valve 
is wholly wanting, except perhaps as a vestigial structure in 
certain Clupeoids, as, for example, Clnrocentrus} and possibly 
also in some Salmonidae.^ 

Erom what has been said as to the structure of the spiral 
valve in the different groups of Eishes, it may be concluded that 
the valve most nearly retains its primitive condition in the 
Cyclostomata ; attains its maximum development in the Elasmo- 
branchs, especially in the Notidanidae, and shows no indication 
of degeneration in the Dipnoi. In the Holocephali and the lower 
Teleostomi, on the other hand, the valve exhibits various stages 
of retrogressive modification, and in the Teleosts is either absent 
altogether or persists only as a vestigial structure in a very few 
species. 

Erom a physiological point of view the object of the spiral 
valve IS to increase the absorptive inner surface of the intestine,® 
but, from what has been said as to the structural variability of 
the valve, it is obvious that its efficacy from a functional stand- 
point must be eq[ually variable. The value of the valve as an 
absorptive mechanism necessarily depends on the area of absorption- 
surface which it provides, as well as on the degree of resistance 
which it offers to the passage of food material along the cavity 
of the intestine. These factors will m turn depend on the number 
of coils, on the width of the valve, and on the extent to which its 
free margin is deflected m forming the series of cones, but these 
again are precisely the structural features which are most hable 
to variation. The total absorption area in the four types of 
valve characteristic of the genus Raia has been calculated, and 
maybe expressed in square centimetres as follows: — ^A, 136*64; 
B, 143 82 ; C, 254*3 ; and D, 276-7.^ Hence as regards mere 
absorption area a spiral valve of the type D has twice the extent 
of a valve of the type A, and if, in addition, account be taken 
of the retardation of the food due to the increased obstruction 
offered by the columella and cones in D, it is clear that the 

^ Cuvier and Valenciennes, Sist. Nai, d, P<nss, xix 1846, p. 151. 

2 Ratlike, Vh. d, Damikanalv,, d, Zeugungsorgane d, F^sche, Halle, 1824, pp. 62 f. 

8 Edinger, op. czt. p. 678. ^ T. Jeffery Parker, op, at. p. 65. 
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difference in physiological value between the two types must be 
far more considerable than is indicated by a comparison of their 
relative superficial areas alone. 

The evolution of the spiral valve was probably due to the 
necessity of increasing the absorptive area of an almost straight 
unconvoluted intestine, a result which in other animals is often 
obtained by an increase in the length and concurrent convolution 
of the intestine itself. Any attempt to correlate the variations in 
the degree of perfection or imperfection of the valve considered as 
an absorptive mechanism with any special variations in the nature 
or quality of the food is, however, a very difficult problem, and a 
satisfactory explanation has yet to be found. The difficulty, 
moreover, is increased by the fact that the majority of Fishes 
with a spiral valve are mainly carnivorous ; the Elasniobranchs, 
in which this structure is at the same time most highly developed 
and most variable, exclusively so. On the other hand, the term 
carnivorous ” covers a multiplicity of minor differences in the 
nature and relative digestibility of different forms of animal food, 
and it is quite possible that it is with differences of this kind 
that the specific or individual variations in the development of 
the spiral valve are associated. The absence of the valve in the 
variously nourished Teleosts, save perhaps as a vestige in one or 
two, is also difficult to account for, although it is not improbable 
that compensating structural modifications exist in this group. 
As a rule, the intestine is much more convoluted in these Fishes, 
but to an extent which varies greatly in different species, while 
the characteristic pyloric caeca and the spiral valve appear to a 
certain extent to be developed in inverse proportion to one 
another. 

The Glands. 

The glands associated with the alimentary canal in different 
Fishes are (1) the gastric glands, (2) the liver, (3) the pancreas, 
(4) the pyloric appendages, and (5) the “ rectal ” gland. 

Oral salivary glands are wanting in all Fishes, the only 
secretory structures in the mouth being numerous mucus-secreting 
goblet cells, which here, as elsewhere throughout the alimentary 
canal, are intermixed with the ordinary epithelial cells. 

The Gastric Glands. — The Cyclostomata and Dipnoi ^o 
not possess any specially differentiated gastric glands, and it is 
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probable that in these Fishes the secretion of the digestive fluids 
IS effected by the ordinary lining epithehum of the stomach or 
intestine, or both. In the remaining groups gastric glands are 
generally present in the form of simple caecal structures em- 
bedded in the submucosa and opening on the surface of the 
mucous membrane into the cavity of the stomach. The glands 
differ in different Fishes in the character of their Lming epi- 
thelium and in the extent to which their component cells are 
differentiated from the epithelium of the stomach There does 
not appear, however, to be any distinction into central ” (pepsin- 
forming) and parietal ’’ (acid-secretmg) cells, as is the case m 
the higher Vertebrata. Towards the pyloric end of the stomach 
the true gastric glands are often replaced by mucous glands. 
There are, nevertheless, not a few Teleosts in which special 
gastric glands are absent, as, for example, Syngnathus acus, and 
several species of Cyprmidae, Labridae, and Blennudae, etc. In 
at least two genera (Qastrosteus and Colitis), belonging to 
widely different families, gastric glands are present in certain 
species but absent in others. As suggested by Edinger,^ the 
absence of these glands may possibly be due to degeneration. 

It may be remarked that the formation of such digestive 
ferments as pepsin and trypsin, which are associated with the 
stomach and pancreas respectively, in the higher Vertebrates, is 
not nearly so strictly localised in Cyclostomes and Fishes. So 
far from peptic digestion being limited to the stomach, it may 
take place in the pharynx, stomach, and intestine of Ammocoetes, 
and in some Elasmobranchs (e.g. Scyllium), and in such Teleosts 
as the Pike, Eel, and Carp, the peptic region extends from the 
stomach for some distance along the intestine, while trypsin has 
been obtained from the mucous membrane of the stomach, intes- 
tine and pyloric caeca, as well as from the pancreas.^ 

Intestinal glands analogous to the glands of Lieberkuhn in 
the higher Vertebrates seem to be entirely wantmg in Fishes, 
unless represented by the sac-like or tubular crypts which are so 
generally present in the Teleostomi. 

The Liver. — Phylogenetically the oldest gland in connexion 
with the Vertebrate alimentary canal, and m size by far the 

^ ArcM'o /. miJcr. Anat, xiii 1876. 

^ Ejrukeiiberg, quoted by Miss Alcock, Jout%, Anat, a/nd Fhys, xui, (N.S.), 
1899, p. 613. 
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largest, the liver aiises as a caecal outgiowth tioin the eiubryonie 
mesenteron, and in this piimitive stage recapitulates a condition 
which is retained throughout life an Ainphio\us By the sub- 
sequent division and blanching of this outgiowth the massive 
compound tubular gland of the adult Fish is eventually foimed 
The liver of Fishes (Figs 153, 154) is \eiy vaiiable in size, 
shape, coloui, and degree ot lobulation Anteiioily, it is usually 
moulded to the posterior face of the tiansveise septum between 
the peiicaidial and abdominal portions of the coelom, and from 
thence extends backwards in the abdominal caMty to a vaiying 
distance, in some Sharks as far as the cloaca Externally, the 
gland IS invested by the peiitoneum, which extends on to it from 
the pericardial septum and forms a suspensory fold, and also from 
the oesophagus and stomach The shape of the liver usually 
bears some relation to that of the body, being, for example, 
longest in the Eels and broadest in the Bays In the great 
majority of Fishes the livei is bilobed, consisting of two sub- 
equal lateral lobes, disposed longitudinally and confluent anteriorly 
for a portion of their extent From this normal type there are 
a few minor variations^ In Petromyzon, Le;pidosteus (Fig 155, 
B) and a few Teleosts (e g the Gymnodontes, Lophobranchii, and 
some Salmonidae) the livei is unilobed In the Myxinoids and 
in the Dipnoi (eg Proto^pteius), the organ is bilobed, but the 
small anterior lobe lies immediately in front of the much larger 
posterior lobe, with the gall-bladder between the two (Fig. 155, 
A) In some Teleosts (eg Scomber), the liver is tnlobed. A 
gall-bladder is invariably present in either the larval or adult 
Cyclostomata, in the Chrondrostei, Holostei, Crossopterygii and 
Dipnoi, and generally also in Elasmobranchs and Teleosts In 
the Elasmobranchs it is rarely entirely wanting, as in Sjphyrna 
and Prishs, and in the Teleosts in some of the Gurnards (Tr%gla) 
The gall-bladder and bile-duct of Petromyzon flumahlis atrophy 
after the metamorphosis which follows the larval Amraocoetes stage, 
but in Petromyzon marinus the duct, although usually absent, is 
sometimes retained In the Ammocoetes the epithelium hmng 
the gall-bladder is ciliated. In some Fishes, as, for example, in 
many Elasmobranchs, the gall-bladder is more or less completely 
embedded in the substance of the liver , in others, as m most 
Teleostomi, the organ is quite distinct from the gland (Fig. 154) 

^ Stanmus, Mdndbk, d Zool , Berlin, 1854, ii p. 201 , Owen, p. 426. 
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A simple ciiiui^ement of the ductb fioin the luer and gill- 
1)1 iddci IS th it loiiiid 111 the common Dog-Fish {bajlluim ccnutida) 
In thib El ismohianch a c}stic duct lea\e& the gcill-l)laddei and 
iltci lecciMiig se\eiil hepitic ducts liom the lohes of the li\ei, 
becomes the bile-duct and opens into the commencement of the 
intestine In the M>\inoids and in the Dipnoi (eg PuiUjpie'tm), 
thcie aie but two hepatic ducts, one fiom each lobe ot the Inei , 
those unite and then meet the cystic duct to foim the bile duct 
(Iig 155, A) Iheiiiunbei of heiiatic ducts niaj, howe^ci be 
considci ibly incicased as, toi e\ample, in* the Siliuoid AniiiLiu<^} 
wheie 8-10 sepaiate ducts join the c}stic duct In a few 
instances one of the hepatic ducts opens chiectl} into the 
intestine, independently of that which unites with the C}stic 
duct in foiming tlie bile-duct In the Dipnoi (eg Piotojjtn Kb)^ 
and in some Tcleostomi (eg Ze^idoBfeiis)^ the bile duct leceives 
the duct lioin the pancreis befoie opening into the intestine 
The Pancreas — In the Cjclostomes (eg Pebomyzon,PcMlo- 
bfoviaf MyjLint) a ludimentary pancreas is apparently present, 
but the evidence as to its identity is not wholly conclusne A 
well-developed i)ancieas occurs in Elasmobianch^, in at least one 
of the Dipnoi, and probaLlj in most Teleostonn ^ 

In Elismobi iiichs the pancreas is a compact stiuctuie, uni- 
01 bi-lobed, and entirely distinct fiom the Iner In ^cylhum 
tantcida (Iig 153), the hilobed gland hes in the angle between 
the distal Inub of tlio stomach and the adjacent portion of the 
intestiiiG, and fioin the smallei of its two lobes the duct issues 
to pass to its intestinal apeituie near the commencement of the 
spiial vahe In most of the Teleostomi in which its existence 
has hitheito been lecoided, the pancreas is a singularly diffuse 
glmd, and usually a considerable portion, 01 even the whole of 
it, IS einl)edded in the substance of the li\er, its lobules accom- 
panying the ramifications of the hepatic aitery and duct, and 
the portal vein The pancreatic duct usually opens into the 
intestine near the aperture of the bile duct (eg Amiurus), 
sometimes the two ducts open on the apex of a common papilla 
(eg Aciponser and Am%(i), or by their union form a common 

^ Macallum, leprxnted from Proc Canad'hcbn Inst%tvie^ N S u 1884, p 407 
- Newton Park ex, oj? <%t p 138 
® Macallum, Joum Anat arid Phys \x 1886, p 632 
Legpuis, Ann Sci Nat (5), xvii 1873, Ait 8 , and sviii 1873, Art 3 
AUo Macallum, op at p 629 
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duct (e.g. Lejpidostcus). Among the Dipnoi a well-developed 
pancreas is present in Froto'pUru^} embedded in the wall of the 
stomach and intestine, internal to the peritoneal investment of 
these organs, and extending even into the first fold of the spiral 
valve. The gland is traversed hj fine ductules which unite 
together and open into the bile-duct just before the latter enters 
the intestine. In the remaining Dipnoi the existence of a 
pancreas has yet to be ascertained. Developmentally, the pan- 
creas resembles the liver, and, histologically, is very similar to 
that of the higher Vertebrates, consisting of terminal glandular 
alveoli continuous with intermediary tubular portions, and eventu- 
ally with the finer ductules, which, by their union, form the 
main efferent duct. 

The Pyloric Caeca. — These structures are caecal outgrowths 
from the intestine, and are situated close to the pyloric extremity 
of the stomach and the intestinal apertures of the bile and 
pancreatic ducts. Wholly wanting in the Cyclostomata and 
Dipnoi, and, unless represented by a pair of caeca opening into 
the long, tubular, non-valvate anterior portion of the intestine in 
the Greenland Shark (Zaeynargus borealis),^ in the Elasmobranchs 
also, they are very generally present in the Teleostomi, although 
extremely variable both in number and amingement in different 
families. In A^nm there is no trace of pyloric caeca. Folypterus 
has a single short caecum with a thick muscular wall. In 
Acipenser, Folyodon, and Lepidosteus, on the contrary, pyloric 
caeca are unusually well developed. In Acipenser the caeca are 
not only numerous, but are so connected together by connective 
tissue and blood-vessels, and so invested externally by the peri- 
toneum, as to form a large, compact, gland-like mass, communicat- 
ing with the intestine by a single wide duct. In Folyodon the 
organ is essentially similar, but is lobed externally. In Lepidostevs 
(Fig. 155, B, pyx), the caeca are also very numerous, but relatively 
short, and, although united into a compact mass, open by four 
pit-like orifices into the intestinal cavity. In Teleosts the caeca 
are subject to extraordinary variations in number, size, and 
arrangement.® In some families, and even in groups of higher 
taxonomic value, they are entirely absent, as is the case with the 

^ Newton Parker, op. Ht. pp. 138-139. 

Turner, Journ. Anat. and Fhys. vii. 1873, p. 233. 
s Stannius, op. cit. pp. 197, 198 ; Owen, op. cit. p. 428, et sc^. 
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Siluridae, Esocidae, Cyprinodontidae, Labridae, Plectognathi, and 
Lophobranebii. The “ Sand-eel ” (Ammod.'ijtes) has but a single 
caecum , the Turbot {JRJiomlms maximm) two, and other Pleuro- 
nectidae three to five; and the Perch (Perea), three (Fig. 160, 
pyc) 

In other Teleosts, on the contrary, these structures are much 
more numerous. In Labrus lalrax there are about 60, in the 
Wlnting (Gadus merlangus) 120, while in the Mackeiel (^Scomler 
scomlrus) there are no fewer than 191. If few in number the 
caeca open separately into the intestine, but when numerous, 
more or fewer of them may unite to form a smaller number of 
efferent ducts, as in the Whitmg, where four such ducts are 
formed , In some instances, as in the Tunny {Thunnus), the 
union of the caeca by connective tissue leads to the formation of 
a compact mass As regards their arrangement, the caeca may 
either be disposed in a whorl round the intestme, as in the 
Whiting, or in a linear series, as in the 
Salmon {Salmo) and in some of the 
Clupeidae 

The mucous membrane lining the 
anteiior pyloric caeca is often developed 
into a network of ridges, limitmg crypt- 
like or tubular depressions, and not in- 
frequently the epithelium is ciliated. 

The precise function of these organs, 
whether digestive or absorptive, is still 
uncertain ^ That they may be digestive 
is suggested by the presence of certain 
amylolytic and proteolytic enzymes, but 
this obvious conclusion is to some extent 
vitiated by the close proximity of these 
organs to the stomach, and more especially 
to the intestinal orifice of the pancreatic 
duct. It IS by no means improbable, of a Perch (Perea). 

however, that the caeca are both digestive Anus , in, intestine , 

A i. 1. oesophagus; py, 

and absorptive organs. An attempt has pylorus , ^2/ c, pyionc 
been made *to show that the pyloric caeca ; si, stomach (After 

<jaeca and the spiral valve vary inversely 

.as regards the extent of their development in different groups of 

^ For leferences, see Macallum, Joum, Anat and Fhys. sx. p. 624 si seq. 
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Fishes.^ To some extent the reciprocal variation of these 
structures supports this view, but it is also evident that there 
are obvious objections to its unqualified acceptance. Thus, in 
some Teleostomi (e.g. Acipenscr, Polyodon), exceptionally well- 
developed and numerous caeca and a spiral valve are both 
present. Amicb with an almost vestigial spiral valve has no 
trace of pyloric caeca, and in Teleosts the absence of a spiral 
valve is associated with the complete suppression of the caeca in 
many large and important groups. 

The Rectal Gland. — The “ rectal ” gland, or appendix digiti- 
formis, is a small organ of unknown function with complex 
glandular walls, and a central duct opening dorsally into the 
terminal portion of the intestine.‘^ The organ is generally 
present in Elasmobranchs (Fig. 153, rcLgl), in which group the 
intestinal orifice of its duct may either be close to the termina- 
tion of the spiral valve, or, as in Ghlmiydoselaclms'^ near the 
cloacal outlet of the gut. An apparent representative of the 
gland, the “ caecum cloacae,'' is also present in the Dipnoi,^ but 
communicates directly with the cloaca (Fig. 155, A, clc). The 
“ rectal ” gland is perhaps homologous with the intestinal caecum 
which is to be found in some Teleosts (e.g. Box mdgaris), and 
possibly also with the caecum ” (caecum coli), and its vermiform 
appendix in the higher Yertebrata.^ The caecum cloacae, on the 
contrary, is morphologically a urogenital sinus, formed as a 
dilatation of the fused hinder portions of the mesonephric ducts, 
and probably comparable with the sperm sacs of male Elasmo- 
branchs, and also with the urinary bladder of Teleostomes.® 

^ Wiederslieira, 0 ^, cit, p. 556. 

^ Howes, op. dt. p. 393. 

Gunther, QhalUnger Uepoi% “Zool.” xsii. 1887, p. 3; Garman, Bull. Mus. 
Gomp. Zool. Oamh, Mass. xii. 1885, p. 20. 

Giinther, op. cit. p. 645 ; Newton Parker, op. cit. p. 137. 

® Howes, op. cit. p. 393 et seq. 

® Graham Kerr, B.Z.S., 1901, li. p. 484. 
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THE EESPIRATORY OEGANS 

The principal respiratory organs consist of a series of pairs of 
branchial clefts in the form of perforations in the side walls 
of the throat, which place the pharynx in free communication 
with the exterior. The first and most anterior of these clefts, 
the mandibulo-hyoid cleft or spiracle,” is situated between 
the mandibular and hyoid arches ; the second, the hyo-branchial 
or hyoidean cleft, between the hyoid arch and the first branchial 
arch ; and the remaining clefts between the succeeding branchial 
arches. Oju the anterior and posterior walls of more or fewer of 
the clefts highly vascular plate-like, or variously shaped fila- 
mentous outgrowths of their lining membrane are developed, 
which subserve the purpose of exposing the blood to the influence 
of the oxygen - containing water, and are termed branchial 
lamellae or “ gills.” In addition to their usual respiratory organs, 
the gills, a few Pishes utilise the air-bladder either as a functional 
lung or as an oxygen reservoir, and in others accessory breathing 
organs of various kinds are developed. 

The arrangement of the branchial clefts and the gills may 
be conveniently studied first in the Elasmobranchs. Excluding 
the spiracles, there are usually in this group (Fig. 161 , A), five 
pairs of branchial cleftsj)but in certain primitive members of the 
group the number may be larger. Thus, in Notidanus griuM 
{Hexanchus) and in ChlamydoBelaxhus there are six, and in Noti^ 
danus cinereus {He^tanchus), seven clefts. The pharyngeal aper- 
tures of the clefts are relatively wide, but their external openings, 
which are freely exposed on the lateral surface of the head between 
the eye and the pect?oral fin, are usually narrow and slit-lika 

The successive clefts are separated from one aajother by a 
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series of inter-br<anchial septa, each of which consists of the lining 
membrane of two contiguous clefts and a median fibrous sheet ; 
it is further strengthened on its pharyngeal margin by a 
branchial arch, and more externally by the fringe of cartilaginous 
rods (branchial rays) with which tlie outer convex edge of each 
arch is provided. The anterior and posterior walls of each 
septum are produced into a number of outwardly -radiating 
vascular plates or folds (branchial lamellae or “ gills ”), which by 
their free edges project into the cavity of the cleft (Fig. 161, A). 



Fig. 161. — A, Horizontal section througli the head of an Elasmobranch ; B, similar 
section of a Teleost (diagrammatic). 6.c, Branchial cavity ; branchial lamellae ; 
c, coelom ; e.i.a, external branchial aperture ; liy.a, hyoid arch ; hy.c, hyo-hranchial 
cleft ; LSf inteibr«anchial septum ; n, nasal organ ; ocs, oesophagus ; operculum ; 
jp,q, palato-quadiate cartilage : PA, pharynx ; sj), spiracle ; s.ps, spiracular pseudo- 
bianch ; 1-5, 1st to 5th branchial arches. (From Boas, slightly altered.) 

Although slightly free at their outer extremities, the lamellae do 
not extend so far as the external margin of the septum to which 
they are attached (Fig. 164, B). Each series of lamellae is termed 
a '' hemibranch,” and, from what has been said, it is obvious that 
each inter-branchial septum and its supporting branchial arch carry 
two hemibranchs, an anterior and a posterior, the two forming a 
complete hiserial gill or ‘‘ holobranch.” The hyoid arch, how- 
ever, has only a single hemibranch, viz. that pertaining to the 
anterior wall of the hyo-branchial cleft, and as the fifth or last 
cleft has a hemibranch only on its anterior wall, the fifth arch is 
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gilMess^ The spiiacle is a vestigial cleft At an eaily stage 
of embiyonic growth it diffeis but little fiom its fellows, but 
subsequently degeneiating it is lepresented in the adult by a 
tubulai passage between the oial cavity and the exteiior, which, 
howevei, is often complicated by the development of caecal out- 
growths^ The anterior wall of the spiiacle often retains a 
ludiinent of a hemibranch in the shape of moie 01 fewer \ascular 
lamellae, which, as they are supplied with aiterial blood, and not 
with venous blood like the ordinaiy gills, are said to form a man- 
dibulai 01 spiraculai “pseudobranch ’ '^he spiracle varies gieatly 
in size in different families, being largest in the Trygons and 
Torpedos, and very small, or even absent m the Lamnidae Its 
pseudobranch is best developed in the Notidanidae, wheie it has 
the essential structuie of a true hemibianch, and, as in other 
Elasmobianchs, but to a gieater extent, probably aids in the 
additional aeiation of the blood which is distributed to the eye 
and biain^ The characteristic opercular covering of the external 
apertures of the gill-clefts in the Teleostomi and Dipnoi is 
wanting in Elasmobranchs It is interesting to note, how e\er, 
that in ClilamydoselcLclius^ curious frilled cutaneous folds are 
developed as extensions of the outer edges of the intei -branchial 
septa, as well as of the hyoid region, and, like a series of 
incipient opercula, prqject backwards over the successive bianchial 
clefts (Fig 252) 

While in many respects more primitive than in Elasmobranchs 
the bianchial system of the Cyclostomata presents certain special 
and peculiar features The bianchial clefts assume the foim of 
oval, antoro-posteriorly flattened pouches or sacs, vaiying, how- 
ever, in numbei, and in their mode of communicating with 
the exterioi, in different genera In the Lamprey (Petro- 
myzon) there are seven pans of obliquely disposed gill-sacs 
opening externally by small rounded oiifices, and by similar 
apertures, not directly mto the pharynx, but into a branchial 
canal (Fig 162, 7 1), which undeilies the oesophagus, and, while 
ending blindly behind the last pair of sacs, communicating in 


^ In thobe Elasinobranclis which haTc more than fiv e branchial clefts there is a 
corresponding increase in the nnmbei of branchial arches and hemibranchs 
^ Ridewood, Anat A'fvz xi 1895, p 425 

3 Garman, £uU Mus Oomp Zool Earoard, xu 1885, p 1 , Gunther, CMlleihger 
Eeports, “Zool xxii 1887, p 2 
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hont with tliG oitil ca\it} ^ Hie lust ot tlio senes ot ^ill-sacs 
coiiesponds to the h^o-hiandiial oi h\ouIein ckit ot Elasino- 
bianchs and othei Fishes bpiiaclts aie a])S(nt in the adult, hut 
111 the embi}o aie lepieseiited by pouch-like oui^iOA\ths of 
the Inpobhst ot the oi d ciMt} which sul)secpientl} luideigo 
siii^iilai changes" Thus, the outflow ths l)cconie conceited 

into the litei d hxlces ot i 
complete ciliited ciiLiiin oial 
giooce, which is letaineel 
eccn 111 the Aimuococtes 
stage, and ice ills the ciliated 
peiiph 11} not il 1 ing of Asci- 
duns Anotlici aichaic 
fe ituie^ IS also to 1)0 noted 
111 the continuity ot the 
giooce with i cihateel niid- 
cloisil ph u) ngc il lulge, 
which has hcen coinpaeel 
to the 'Hloisal linima” of 
Ascielians, aiiel to the 
cipiill} ch iiacteiistu hjpei- 
bi inchial gioove ot Amiiln- 
onis"^ Vcutially also, the 
liteial lulces ot the giooce 
unite to foiiu a single 
gioove, winch, attei leceic- 
ing the ineHliiii apeituie ot 
the thyioid ludinient,^ is 
continued backwaids m the 
iiud - \ eiitial line ot the 
phaiyngeal wall as fai as 
the last biancliial aich No tiace ot these ciliated stiuctuies is, 
however, to be met with in the adult 

The bianchial lamellae aie re])iesented by a senes of vuxsculai 
hoiizontal and paiallel iidges ladiatnig outwaids along the loof, 
flooi, and lateral walls of each gill -sac, and invested b} an 

^ In tlie immocoetes stage the gill sacs open diiectly into the larval iliaiynx, 
which IS letained as tlie hixnchial canal, the oesophagus of the adult being an 
independent and latei lormation 

2 Dohin Mitth Zool Stat Neapel, vi 1886, p 
® Shipley, Quait J Uhur Bu% wvii 1887, x> 850 



Tig 162 — PeU mi/ n manmis Transvcise 
bection throu A thL hnuchnl icgion (stun 
diagrammatic) ht m Bi xnclual mcinbianc 
clct) doisal aorta, dc doisil caitiligc of 
the bran chill basket , d /i, (bisil museks 
ea evteinil apeitme ot a ^ill &ac // 
tibious tissue tncl)*.m,^ nem il ( mil, h, i 
latei il loiicitudmil caitihjfcs of the l)rm 
chul basket Kt lutciinl ipeitiuc ot i 
gill sac ijic infcnoi ]ugul ii vCm p 
jiigiilii vein (luteiioi cai Imil) it/ s|inil 
cold, 7u notoclnrl n oa, ncuial cinil 
up ntuial process, ocsoph i ^us , / 

pen bianchial lymph smus , t tit t ictiact i 
muscle of the tongue , } f icspnatoiy tuU 
01 branchial canal , $, ciicum oesophageal 
l}mph smus ^ io, ventiil loita i t 
vential ciitilagc of hr in dual basket % it, 
V euti il muscles (Fioni I J Paikei ) 


^ Cf I 343 
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epiUitliuni \\hich is piitulh 
ciliated The iiitti -hi mdiiil 
septi lie much tliickei thin 111 
Lhsiiiobi'inchs ind include not 
oiih the \\ ills ot adjiCLiit sics 
ciud the 1)1 iiiclii il muscles ])ut 
ilso coutiin cueinoub piii- 
Iji uichiil 1} mph-sinuses The 
c iitilu^inous biiiichial skeleton 
IS situated \\lioll} e\teintil to 
the ..ill - s ICS, the so - called 
biiiichiil aiclies hing between 
the evteinil ipeituies of the 
s^cs, and diiectly beneith the 
supeihcial skin, 01, in otliei 
woids, on the outei iniigms of 
the intei-bi inchial septi, and 
not on the innei, as is im ui- 
ablj the case with tlie bianchi il 
aiches of Tishes 
In the Hag-Fish 
(Fig 1G3), thcie aie usuall} 
SIX, \eiy laicly se\en, pins 
of gill-sacs, all of which open 
diicctly into the pliai}n\, and 
not into a bi inchial uinal as in 
the Limpie}s On the othei 
hand, is unique in 

hiving the outei extieimties 
ot its gill sacs pioduced into 
a coiiespondmg nunibei of 
tubular canals which, after a 
longei or shorter couise ob- 
li(j[uely bickwards and out- 
waidb, unite to form on each 
side a ^enti ally- situated ex- 
ternal apeituie (Fig 1C 3) 
In the same genus a short 
canil or oesophageo- cutaneous 
duct, passes fiom the phaiynx 



Fig 163 — ^Dissection of me fiom the left side av c, Aiiditorj cnpsule hrap left hianchnl apertuie hrh ludimeiit of hi'inclml 

basket, b? s X hrst gill sac , e t, common braiichial tube C7i c cornual caitila t qil j;iillet // heart, Ijm lingual mnt>cles m i c 
median vential caitilage nat nasal tube n h, notochord nt neuial tube oe'icttJ oesophageo cutaneous duct 2)osteiioi liteiil 

caitilage , oc a, subocular ai oh , spr, spinal coid st p stj 1 >id process ( Vftci W K Pail ci fioin Pirlei and Him\ ells/ ^ jy ) 
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behind the last gill-sac of the left side, and opens externally 
with the common external bianchial apeituie of that side 

In Bdellosfoma there aie usually six or seven pans of gill- 
sacs, hut some species ha\e ten oi even fouiteen paiis^ They 
agiee with those of the Lampiey in having independent extern d 
apeitiires but lesemble the coriesponding organs in Myxine in 
opening diiectly into the phaiynx An oesopha geo -cutaneous 
duet IS also piesent^ 

In the Holocephali theie aie but foiu bianchial clefts, the 
fifth cleft being closed Spiiacles aie absent in the adult, 
although present in the young of Clmnae^a The bianchial 
lamellae resemble those of Elasmobranchs, but the intei- 
bianchial septa are somewhat shorter, so that the lamellae 
pioject shghtly beyond their outer margins (Fig 164, B) A 
hyoidean hemibranch is piesent A notewoithy featuie is the 
development of a cutaneous fold fiom the outer surface of the 
hyoid aich, which glows backwards ovei the gill-clefts, and, 
uniting above and below with the body-wall, teiminates m a fiee 
posterior margin, just behind the last gill-cleft By the growth 
of this opeicular fold the gills become enclosed in a spacious 
bianchial cavity, and the clefts communicate with the exterior 
through a slit-hke opening between the free maigiii of the fold 
and the body-wall 

The reduction in the extent of the inter-branchial septa which 
IS initiated in the Holocephali is carried to a still further extent 
in the Teleostomi Commencing with the Chondiostei, and 
passing thence to the more specialised Teleostei, the septa become 
gradually reduced in length, and the branchial lamellae project 
fieely beyond then outer margins to an incieasing extent 

This modification, least marked in Ac,%j)enm (Fig 164, C) 
and Polyodon, attains its maximum in the Teleosts (Fig 164, 
D and E), where the branchial lamellae take the form of a 
double senes of free filaments disposed along the com ex outer 
margin of each branchial aich, and attached by then bases only 
to the reduced and inconspicuous septa As a general rule each 
of the first four arches supports two hemibranchs,^ forming a 
^ See p 423 

^ 'H.oviQii {P Z S 1893, p 730) has desciibed ceitain lemailable variations in 
the rcspiratoiy organs of Petromy^on and Mymm 

^ In certain Teleosts more or fe^^er of the bianchial aiches may lose their gills 
This 1 eduction attains its maMmum in the singular Indian amphibious Fish, 
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Liserial gill or holohranch. In shape the branchial filaments 
are usually somewliat triangular, and consist of an axial supjioit- 
ing cartilage or bone, invested superficially by a highly vascular 
inucous membrane. As in most of the preceding groups the 
fifth bianchial arch is gill-less All Teleostomi possess a well- 
developed movable operculum, supported by a more or less 
complete series of opercular bones, with or without the addition 
of branchiostegal rays (Fig. 161, B). The size of the external 
branchial aperture varies consideraldy Usually the hinder and 
lowei margins of the operculum are free, and then the aperture 
IS spacious. Not infrequently, however, the more or less exten- 
sive fusion of the ventral and hinder edges of the operculum 
with the body-wall reduces the aperture to a narrow slit, as in 



Fig. 164 — Transverse sections of branchial arches in different Fishes A, Elasraobranch - 
B, CJimaeia, C, Acipenser, D and E, Teleosts ha, Branchial arch; gl, gill- 
lamellae , gi, gill-iaker , %s, inter-branchial septum (Fiom Boas.) 

the Eels and some Siluridae, or to a small upwardly directed pore, 
as in the '' Sea-Horse {Eijp^ocamjpus). In the Symbranchidae 
the branchial apertures close dorsally, but fuse ventrally, leaving 
a single median orifice on the under side of the throat. 

Open spiracles are wanting in most adult Teleostomi, but are, 
nevertheless, retained in the Crossopterygii {Polypterus), and 111 
the Chondrostei {Acipenser and Polyodon), They have been 
observed, however, in the embryos of some Teleosts, as in the 
Salmon (Sahnd),^ and even in the adults of Amiaf Lep^dosteus, 

Avivphipnous cuchia,, where only the second arch has a biserial gill, the remaining 
arches being wholly devoid of gills (cf, p. 598). 

^ Balfour, Gom^, JSmbryoL 11 1881, p. 62 
^ ’RBLxas&y ’Wxight, Journ. Anat. aTbd Phys xix 1885, p 476 
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and a few Teleosts^ aie lepiesented by poucli-like lecesses of the 
01 al cxMty A few ve&tigial bianchial lamellie ma} be de\ eloped 
on the anteiioi wall of each spiiacle in Aapensa and Folyodon, 
but aie wanting in Foly'pU'iUb^ and, as 111 Elasniobianchs, lepie- 
sent a mandibulai or spiiaculai x^'^t^iidobianeh 

The stiuctiue usually legaided as a hjuidean heniibiinch in 
the Teleostomi diffeis gieatly in its dex elopment in ditteient 
members of the gioup In Atiycmc'i it is undoul)tedly the 
henubianch of the hjoid arch and is a tine gill iecei\ing venous 
blood fioin the ^ential aoita and letiuimig aiteiial blood to the 
doisal aoitx, as in Elasmobianchs In Folyodu)i and in Folyjdiuis 
the hemibiauch is suppiessed I^rpidustiUb^ on the othci hand, 
has two senes of lamellae on the iiinei suiiace of the opeiculum, 
a doisal and a ^ential senes meeting at an angle (Fig 197 ) 
The vential lamellie aie supplied with venous blood, the doi-^al 
with aiteiial,^ so that while the loimei letaiii then piimitne 
chaiacter as a functional hjoidean hemiluancli, the lattei is a 
pseudobranch It is inteiesting to note, howe^ei, that the 
development of this pseudobranch and its blood-vessels pioves 
that it does not lepiesent any poition of a tiue hjoidean htmi- 
bianch, but is leally a spiiaculai pseudobianch ^ In most othei 
Teleostomi a degeneiate henubianch occupies a similai position 
In Amia^ it is veij feebly developed, and is lodged in a canal 
communicating with the bianchial cavity by a small apeituie, 
and situated diiectly anteiioi to the doisal end oi the fiist 
bianchial aich Its blood supply is aiteiial, and the oigan is 
theiefoie a pseudobianch In Teleosts the hemibianch is m'vaii- 
ably a pseudobianch , nevertheless, its piimitive condition as a 
gill IS indicated eithei by its stiuctuie or by its enibiyoinc 
histoiy In some geneia the pseudobianch consists of shoit 
fiee lamellae, as in some Pleuioiiectidae , 01 it is paitly fiee and 
paitly concealed, as in some of the Hoise Mackerels {Cmanji) 
and in Salmo , 01 it may be conijiletely hidden beneath the oial 
epithelium, as in the Cod {Gadu'^), wheie the oigan is veiy 
degenerate, and is little more than a “lete nnidbile” ol blood- 
vessels The natuie ol the Teleostean pseudobianch is not in 

^ Sagenielil, Morph JaUih i\ 1884, p 21o 

2 Eamsay W light, oj? cit p 482 ® Seep 335 

^ 1 W Miillei, AiCk MiJ ro'iJ Anat \h\ 1897, p 463. 

Ramsa} Wiight, ojy cif p 492^ 
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all eases quite clear In Salmo it is said that there is no 
hyoideaii lieiuihranch, and that the pseudobrancli is really a 
persistent spiracular pseudobrancli,^ hence it is proba])le that a 
Idee signiticance must be attached to this singular structure in 
other Tedeosts. The evidence of the cranial neives on this point 
is conflicting. If the pseudobranch pei tains 
to the spiracular cleft its nerve supply 
should be derived fioin tlie neive of that 
cleft — VIZ the seventli or facial nerve , but 
if it represents a hyoidean hemibranch, 
then one would expect it to be innervated 
by the ninth or glossopharyngeal nerve. 

As a matter of fact, however, the organ is 
said to be supplied by the seventh in some 
Teleosts, and m others by the ninth 
nerve. 

In the Dipnoi the bianchial system is 
best developed in Keoccratodus^ the inci eas- 
ing impoitance of the lungs as respiratory 
oigans mProtoidcrus eaiH Lep idosiren being 
associated with a corresponding reduction 
in the structural and functional develop- 
ment ol the gills There is no trace of 
sx)iracles in the adult 

In Kcoccratodus^ there are five branchial 
clefts, including the hyobranchial Each 
of the first four branchial arches carries a 
pair of hemibranchs, and, as in the Holo- 
cephah, the gill-lamellae are attached along 
nearly their whole length to a 'well- 
developed interbranchial septum (Fig. 165) 

A peculiarity of NeoceratoduSy which has no 
counterpart in any other Fishes, is the 
extension of the branchial lamellae on to 
the dorsal and ventral walls of the branchial clefts, so that the 
hemibranchs on opposite sides of each cleft are continuous both 
dorsally and ventrally (Fig. 166). The fifth arch is gill-less. 



Fig 165 — Tiaiis^eise bec- 
tion tlxiough a braiicliial 
arcli oi Neocendodub 
(bean - diagrammatic) 
a h ciy Afferent branchial 
artery , h hranchial 
aich; hj-y branchial 
filaments , ehvy elferent 
branchial vessel , g /*, 
gill-rakers (From Bald- 
win Spencer ) 


1 F Mauier, Morph, Jahrh ix. 1884, p 229 , xiy, 1888, p 175. 

2 Gunther, Fh%l. Trans, clxi 1871, p. 511 , Baldwin Spencer, Madeay Memorial 
VolumSy 1892, p. 1. 
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In addition to the normal gills there is also a hyoidean psendo- 
branch. As in other Dipnoi, an operculum forms the outer 
wall of the branchial cavity, and leaves but a narrow, slit-like 
'external branchial aperture. 

In Frotoperus^ the number of branchial arches is increased 
to SIX, but, in consequence of the closure of the hyobranchial 
oleft, there are but five open clefts. The first, second, and third 

arches are wholly devoid of branchial 
filaments : the fourth and fifth support 
each a biserial gill, while the sixth 
arch retains only an anterior hemi- 
branch, which, however, as the source 
of its blood supply seems to indicate, 
may consist of '' emigrant” gill- fila- 
ments from the posterior hemibranch 
of the fifth arch.^ Interbranchial septa 
are practically non-existent, the flat- 
tened leaf-like gill-lamellae being free 
except at their attached bases, and thus 
repeating a characteristic Teleostean 
feature. A “ hyoidean ” hemibranch or 
pseudobranch, supphed from the ventral 
aorta, is present, but as the hyobran- 
chial cleft is closed it projects into the 
branchial cavity immediately in front of 
the cleft between the first and second 
branchial arches. In Le2ntlosiren ^ the 
branchial arches are reduced to five and 
the clefts to four, the hyobranchial and fifth clefts being closed. 
There is a '' hyoidean ” hemibranch resembling that of Frotopenis. 

The facts furnished by the study of the numerical and 
structui’al variations in the gill-clefts, gills, and gill-arches of 
different groups of Fishes prove that atrophy of these structures 
takes place at opposite ends of the series. We have examples of 
this anteriorly in the suppression of the hyo-mandibular cleft and 
its hemibranch, and of the hyoidean hemibranch, as the result of 

^ ITewton Parker, Trans. Hoy. Irish Acad. xxx. 1892, p. 161 ; Bridge, Tram. 
Zool. Boc. xir. 1898, p. 361. 

2 Boas, Morph. Jahrh. vi, 1880, p. 345. See Fig. 201, p. 340. 

® BischofF, Lepidosiren paradoxa^ Leipzig, 1840 ; Hyrtl, Ahhand. d. hohm. 
Gesellsch. 1845, p. 637 j also Bridge, op. cit. jip. 344, 345. 



Fig. 166. — The second branchial 
cleft of Neocerato<lu% to show 
the dor.sal and ventral con- 
tinuity of two hemibranchs on 
opposite sides of the same cleft, 
fe.c, Branchial cleft ; h.f, bran- 
chial filaments; g.r^ gill- 
rakers. (From Baldwin 
Spencer.) 
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the conversion of the mandibular and hyoid arches into jaws, or 
into skeletal supports for the jaws; and posteriorly, in the 
reduction which is evident when the generality of Eishes are 
compared with such primitive Elasmobranchs as Chlamydoselaclius 
and Nohdamis, 

In most Eishes the concave pharyngeal margins of the branchial 
arches are fringed with a double series of eithei cartilaginous or 
bony tubercles or filaments, the gill-rakers ” (Figs 161 and 
164). The anterior row of giU- rakers on each arch usually 
mterdigitate with those of the posterior row on the preceding 
arch, and in this way the two rows form a sieve-like mechanism 
to prevent any solid particles, which may enter the phaiynx 
with the respiratory current of w'ater, from passing into the gill 
clefts and clogging or otherwise injuring the branchial filaments 

In a few Fishes the gill-rakers are enormously developed, and 
subserve a function similar to that of the baleen plates of the 
Wlialebone Whales in acting as a filter for straining from the 
w^ater the small pelagic organisms on which the Fish feeds. 
This is notably the case in the great Basking Shark (Selache 
maxma)'^ m which the closely-sct, flattened, tapering gill-rakers 
may be so long as four or five inches, and, while somewhat 
resembling whalebone ” m a]Dpearance, have the histological 
structure of vascular dentine The nature of the food, which in 
the stomach of one specimen examined consisted solely of an 
immense quantity of plankton, including Copepods and the larvae 
of other Crustaceans,^ affords clear evidence of the great value of 
such a filtering mechanism to this Shark, and, at the same time 
offers an explanation of the striking and significant reduction in 
the size of the teeth, w’hich, relatively to the dimensions of the 
Fish, are so small as to be almost vestigial A similar filter has 
been observed in an extinct Selaclie (/S', aurata)^ fiom the 
Antwerp Crag, and also in an existing South African Shark 
{JRJiinodon tyincus) and in the latter, as in the Basking Shark, 
is associated with a marked reduction in the importance of the 
d.entition The long slender gill -rakers of the Chondrosteau 

i Turner, Journ. Jnat and Fhys xiv. 1879, p. 273 For references to otl er 
w riters see Turner, op c%t. 

^ For this information, whicli was based on an examination of a specimen, 
parts of which are now m the Cambridge University Museum, I am indebted to 
Dr Harmer. ^ Van Beneden, quoted by Turner, op, cit. p, 282. 

^ Andrew Smith, also quoted by Tuiner, op cit p 281. 
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Fohjodoii albo constitute an otlleieiit filter, and the same may be 
said of several plankton -eating* Teleosts. 

The Mechanism of Respiration. — The aeration of the blood 
is etlected by the rhythmical suction of water into tlm oral 
cavity, and its su])se([uent ex]uiLsion through tlie gill-clcfts, 
bathing the highly vascular gill-lamellae in its coarse. In any 
single act of inspiration the mouth is opened, and the oral cavity 
enlarged by the lateral expansion of its walls. When the oral 
cavity is filled with water, the mouth is closed and the expiratory 
process begins. }ly the lateral contraction of the oral vails the 
water is driven outwards through the gill-clefts, and over the 
gill-lamellae. During this process the l)ranchial arches become 
widely separated by the contraction of their muscles, the oper- 
culum IS elevated, and the oesophagus is closed by the contrac- 
tion of its muscular wall. In many Fishes the course of the 
expiratory w’ater-cuiTent is conti oiled by special val\ e-like folds 
of the oral mucous membrane, the maxillary and mandibular 
breathing-valves.” ^ 

The rate of “breathing” varies considerably in different 
Fishes, even in allied species.'-^ In the Blue Wrasse (Lnlrus), 
and the Eockling {2[okUa), the number of respirations per 
minute is 15, in the Minnow {Leudscus), and Stickleback 
(Gastrosteiis), as many as 150. A deficiency of oxygen in the 
water accelerates the respiratory movements, and the Fish appears 
to “ pant ” or breathe hurriedly. In the Lampreys, botli inspira- 
tion and expiration may take place through the external gill- 
apertures by the alternate expansion and contraction of the 
gill-sacs, more especially when the suctorial buccal funnel is used 
for the attachment of the animal. On the other hand, the singular 
habits of the Myxinoids involve a further modification of the 
respiratory process. In these Cyclostomata the inspiratory current 
enters the external naso-pituitary aperture and reaches the phaiynx 
through the naso-pituitary canal, and thence, as an expiratory 
stream, traverses the gill-sacs on its way outwards. The pharynx 
is closed behind the last pair of gill-sacs by a constrictor muscle, 
which prevents the entrance of the water into the oesophagus, 
and converts the pharynx into a respiratory tube for the time 


^ Dalilgren, Zool. BuU. ii. 3, Boston, 1898 ; Allis, Anat. Ana. xviii. 1900, 
p. 267. 

^ JVrKendrick, Journ. Anat. and PJiys. xiv. 1879, p. 461. 
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being ; but, when food is being swallowed, the pharyngeal con- 
strictor IS relaxed and the internal apertures of the gill-sacs 
are closed bj the contraction of their own sphincter muscles. 

In addition to the usual respiratory organs it is probable that 
111 not a few Tishes the superficial skin may share with the gills 
the function of breathing. In this connexion may be mentioned 



Fig. 167. — Embryos of the Electric Torpedo {Torpedo ocellaia). A, dorsal view , 
B, ventral view of a slightly younger specimen, cl, Cloaca , el 0 , electric organ ; 
ech, external gills , pf, pectoral fin , pelvic fin ; ap, spiracle , y.s, sta^ of 
yolk-sac 


the fact that in Periophthalmus the tail is used for respiration 
Hickson ^ observed that a species of this genus, frequenting the 
extensive sandy shores of the Island of Celebes, often rests with 
its tail in the water, the head and trunk being exposed. Under 
such circumstances the gills are probably of little use, and the 
tail is utilised as a breathing organ, principally, as Haddon^ 
subsequently pointed out, through the agency of its extremely 
vascular caudal fin. 

Some Fishes possess larval breathing organs; others, even 
when provided with gills, either utilise the air-bladder, or develop 
special accessory organs, for aquatic or, more usually, for aerial 
respiration. 

^ Naturahst in Celebes, London, 1889, p. 30. ® Nature, xxxix. 1889, p. 285. 

VOL. VII XJ 
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Larval Gills. — In early life many Fishes acquire larval gills, 
either as the result of the precocious growth of the normal 
gills, or by reason of the development of evanescent structures. 
In the embryos of Elasmobranchs “ external gills,” in the 
form of long filiform processes invested by liypoblast, are 
developed from the walls of all the branchial clefts, including 
the spiracles, and protrude outwards for some distance through 
the external apertures of the clefts (Fig. 1C 7, B). They perhaps 
facilitate respiration within the egg, as they completely disappear 
after hatching ; but there is also reason for believing that they 
aid in the absorption of nutriment. Similar gills are present in 
young Holocephali. In some larval Teleosts, as in certain 



Fig. 168. — Head of young Polyptems, cf.y, External gill of the left side. 
(From Steinda<ihiier.) 


genera of the Osteoglossidae and Mormyridae (e.g. Seterotis and 
Gymnarchus)'^ these structures are remarkalily developed (Fig. 
239). The young of the Loach {Misyurmcs) and of the Salmon 
{Sdlmo) also have the ordinary gill-filaments prolonged externally 
as filiform structures, which subsequently become reduced to their 
normal size.^ In its larval state Polypterm ^ has a pair of 
pinnately-fringed ectodermal or cutaneous gills projecting from 
the lateral surfaces of the head behind and above the external 
branchial apertures (Figs. 168 and 281). Apparently as an 
individual peculiarity the right gill has been retained in a 
specimen of P, congicus so large as 22 cm. in length, although 
the left one had entirely disappeared.^ Each gill is supplied 
with blood from the ventral aorta by a vessel which ascends the 

^ Budgett, Trcms. Zool, Soc. xvi. Pt. ii. 1901, p. 126. 

^ Gdtte, quoted by Balfour, Oomp. JSmhryol, ii. 1881, p. 62, 

3 Steindacbner, Sitz. d. Jc, AJcad. d, Wiss, L 1869, p. 108 ; Hyrtl, Hid. p. 109 ; 
Budgett, op. dt. p. 118. 

^ Boulanger, P.Z.S, 1899, p. 664. 
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hyoid arch, and is appaiently the representative of the artery 
supplying the hyoidean hemihranch in Elasmobranchs The 
effeient vessel ot each gill joins the common trunk foimed by the 
union of the effeient vessels ot the noimal gills of the same side 

The cutaneous gills of the Dipnoid Protojpteriis may also be 
included in the category of larval breathmg organs They 
consist of three simple unbranched filaments on each side of the 
head, and, as in Polyjpte'^us, are situated at the dorsal extremity 
of the external gill apeiture (Fig 309) Although usually 
lepresented in the relatively young or half grown specimens 
which, so far, have reached Europe, it is extremely probable 
that these organs atrophy m older mdividuals Similar gills are 
piesent m the larval Le;pidosiren (Fig 311), but disappear at a 
much earher stage At no period of its development are laival 
gills present in Pfeocemtodus ^ 

The Air-Bladder as a respiratory Organ. — In certain 
Fishes the air-bladder may become subservient to the function of 
respiration In Am%a and Lepidosteus the internally sacculated 
and vascular air-bladder is obviously adapted for air-breathmg, 
and theie aie not wanting observations ^ which suggest that the 
organ is actually used foi this purpose after the fashion of a 
lung According to Jobert,® this is also the case with the 
sacculated air-bladdei of certain Brazilian Teleosts, viz Sudis 
g%gaB, E'tythr^nus taematus and JS hrazihens^s, since these Fishes 
die of asphyxia when the organ is cut off fiom communication 
with the exterior by the hgature of its ductus pneumaticus It 
IS in the Dipnoi, however, that the air-bladder becomes most 
completely a true lung In JSfeoceratodus ^ the lung is probably of 
the gieatest use to the Fish when the rivers are low durmg the hot 
season and the water is charged with foul gases from decompos- 
ing vegetable matter, and possibly also when the water is filled 
with sediment m the ramy season In Protojoterus, and more 
especially in Lejpidosiren, the partial atrophy of the giUs renders 
it highly probable that the lungs aie the principal breathmg 
organs at all times Nevertheless, it must be emphasised that 
m all these Fishes respiration by means of the air-bladder 


^ Semon, Zoolog%sclic FoTSchungsreiseTb %% Pt 1 p 44, and Atlas 

® Burt G Wildei, Proc ATtier Ass Adv S(yi 1875, p 151 , ib'id, 1877, p 306. 
® Ann d Sci Nat ser 6, vu 1878, Ait 5 
^ Baldwin Spencer, p 8 
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necessarily involves a transit of air to and from that organ 
through the ductus pneumaticus, and at present nothing is 
known as to the method by which such inspiratory and expiratoiy 
currents can he x^roduced.^ 

There is also some experimental evidence for the belief that 
the air-bladder of some Teleosts may be subsidiary to respiration 
by acting as a reservoir for the sux>erabundance of oxygen which 
is taken into the blood through the gills, and subsequently re- 
absorbed into the blood when the Pish is in water containine: 
relatively little oxygen/^ It is clear, however, that the conditions 
under which the air-l)ladder can be used in this way are by no 
means fully understood, for, under experiment, such Fishes died 
of asphyxia even though after death the air-bladder still contained 
upwards of fifty per cent of oxygen. 

Accessory Organs of Respiration. — In certain Fishes of 
peculiar habits, or living under special external conditions, acces- 
sory respiratory organs are developed. 

Although in this particular instance no special organs are 
formed, mention may first be made of the singular method of 
intestinal respiration in vogue in some Teleosts. In one of the 
Loaches {Misgurmis fosBilis)^ air is swallowed and passed along 
the alimentary canal until it is finally voided at the anus. The 
mucous membrane of the intestine is extremely vascular, and 
hence the blood comes into sufficiently intimate relations with 
the swallowed air to admit of it exchanging carbon dioxide for 
oxygen. Intestinal respiration also occurs in species of the 
South American freshwater genera of Siluridae and Loricariidae, 
OallicMliySj Doras, Lorioaria, and Plecostormts ; ^ and in some 
cases the area of respiratory surface is considerably increased by 
the development of folds and processes of the intestinal mucous 
membrane. 

In a few tropical Teleosts curious labyrinthiform organs are 
developed in connexion with certain of the branchial arches, and 
serve as accessory breathing organs. In the Indian Climbing 
Perch ” (Anabas scandens),^ of the family Anabantidae, the organ 
(Fig 169) consists of three or more concentrically-arranged bony 

^ Sorensen, Joum. Anat and Fhys, 1894, p. 127-138. 

2 Moreau, Arm, d. Stn. N'aL s4r. 6, £^ool. iv. 1876, Art. 8, p. 62. 

® Erman, Gilbert Ann. d. Fhysik. xxx. 1808, p. 113. 

^ Jobert, op. dt . ; ibid. v. 1877, Art. 8. 

® Eograff, Quart. J. Micr. Sd. xxviii. 1888, p. 601. 
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laminae, with wavy, crenulated margins, attached by a common 
bony base to the upper extremity of the fourth branchial aieh, 
and enclosed in a special dorsal enlargement of the branchial 
cavity. The vascular membrane which mvests the laminae is 
abundantly supplied with venous blood by a branch of the fourth 
afferent branchial artery, the equivalent efferent vessel joming 
the dorsal aorta. Essentially similar organs are found in several 




Fig 169. — Labyrmtlufonn organ otAnahas 
scandehiSi exposed by the removal of 
the gi eater pait of the operculum. 

& a', First branchial arch ; I 0 , laby- 
nnthiform organ ; op, operculum ; sb c, 
supra-branchial cavity 

genera of Osphromenidae (eg. 

Poly acanthus, Osjphromenus, and 
Tmchogaster), A simpler form 
of respiratory organ of some- Fj^.i 70 .-SupTa.taanohiaicavibesofOi,itfl. 

what the same type occurs in cephalus. Ventral view, as seen after 
J.-U TJ* i? T the removal of the ventral halves of the 

fbe Xndian family Ophiocepha- branchial arches. The first four 

lidae.^ In these Eishes there branchial arches , 0 c, roof of oral cavity ; 

j oes, oesophagus ; p t, pharyngeal teeth , 

IS, on each side, an accessory left supra -branchial cavity, vf, 

branchial cavity, situated above hmng membrane of the 

that which contains the gills, 

but freely communicating with it (Fig. 170). The cavity is 
lined by a thickened and puckered vascular membrane, but other- 
wise contains no special respiratory structures. 

In the Siluroid genera Clarias and SeterolraTichus the accessory 
organ takes the form of branched, arborescent and highly vascular 
structures, developed as outgrowths from the dorsal extremities 
of one or two branchial arches, and enclosed within a posterior 
and dorsal expansion of the proper branchial cavity (Fig. 171). 


1 Hyrtl, Sitz d h Alcad, W%ss. x. 1853, p. 148. 
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Another example of these interesting structures occurs in 
Ghaoios salmoneiis and a few other Cliipeidae ^ in the shape of a 
coiled gill-like organ gill-helix which is supported hj the 
dorsal segment of the fourth branchial arch, and enclosed in a 
similarly curved caecal extension of the branchial cavity. Each 
gill derives its blood from the fourth afferent branchial artery, 
the corresponding efferent vessel joining the fourth efferent 
branchial artery. A similar spirally-coiled “ gill-helix ” is found 



Fitj. 171. — ^Accessory respiratory organ of Clarias, as seen after the removal of the left 
operculum, a, Anterior aiborescent organ ; the first four branchial arches 

and their holobranchs ; d.b.c, dorsal extension of the left branchial cavity ; /, 
modified gill - filaments ; base of the operculum ; p, posterior arborescent 
organ. 


also in Jleierotis elirenlergii^ amongst the Osteoglossidae, and in 
several species of Characinidae.^ 

In other Teleosts the accessory breathing organ assumes the 
condition of paired lung-like outgrowths of the branchial cavity. 
Thus, in one of the Symbranchidae, the Indian Cuchia Eel 
{Amjpliipnous ciicMa),^ there is a pair of small bladder-like sacs, 
with membranous and vascular walls, each of which opens into 
the branchial cavity above the first gill-cleft, and is supplied 
with blood by the afferent branchial artery of the gill-less first 
branchial arch. An extreme modification in the same direction 

^ Hyrtl, J^enlcsch. h. Ahad. Wiss. Wien, xxiii. 1863, p. i. j ibid, x. 1866, p. 48. 

2 Hyrtl, ibid, viii. 1854, p. 185. 

® Hyrtl, ibid. xxi. 1863, p. 7 ; Sagemclil, Morph, Jdhrb. xii. 1887, p. 307. 

^ Taylor, Edin, Joum, Sci, v. 1831, p. 33 ; Hyrtl, Denksdh, k. Akad, Wiss, 
Wien. xiv. 1868, p. 39. 
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is presented by the Indian Siluroid SaccohrancTius} In this 
Fish a long caecal diverticulum of the branchial cavity extends 
backwards on each side from the dorsal region of the first 
branchial cleft to the tail, and in its course is situated internally 
to the lateral trunk musculature, and close to the vertebral 
column (Fig. 172) The walls of the caeca are vascular, but no 
special respiratory structures are developed within their ca'vuties, 
which, during life, only contain air. 

In S. singio the right caecum is 
supplied with blood by an exten- 
Sion backwards of the dorsal portion 
of the first afferent branchial artery 
of that side, the left, on the con- 
trary, being supplied by the corre- I 

spending portion of the fourth cx>b- 

afferent artery of the same side. 

In S fossilis^ both air-sacs are sup- 
plied by the fourth afferent branchial |. W rlfl 

artery. The efferent vessels join the |ul| 

fourth efferent branchial artery, 

1 , 1 I?, .1 -1 Pig. 172. — ^Air-sacs of JSaccdbranchus 

right or left as the case may be. The air-bladder en- 

Wlth perhaps one or two excep- closed m its bony capsule ; a.c, 
, 1 ^ ^ ^ right air-sac ; as. lelt air - sac : 

tions, the accessory respiratory organs cl, buibus aortae , i.a -y, afferent 

of Fishes seem to exist for the pur- ^ ^ 

pose of enabling their possessors to r.e.v, effeient vessel of the nght 

breathe in air. This is certainly 

the case with the labyrinthiform 

organs of Anabas and its allies, and also m such Fishes as 
AmpJa^pnouSj Saccobranchus, and the Ophiocephahdae, and 
probably in others. Nearly all these Fishes are tropical in 
geographical distribution, more or less amphibious in their 
habits, and usually possess a remarkable capacity for sustaining 
life out of water, under conditions which are promptly fatal to 
ordinary Fishes. Thus, Anabas ssandens m.B,j be kept alive for 
days in earthen pots without water, and when free is able to 
travel short distances on land, especially in the early morning 
when the dew is on the ground, while AmpJiipnous freq[uents 


^ Hyrtl, SB. ATcad. TFiss, WU%. xi. 1858, p. 302 ; Day, Imn. Soc, Jmm. Zool. 
xm. p. 198. 

® Burne, Jom'n. Linn Soc Zool. xxv. 1894, p. 48. 
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marshes, lurking in holes in the grass and about the sides of 
ponds. In fact, even when in the water, access to air, which is 
probably swallowed and passed over their accessory breathing 
organs, is indispensable to their existence. Experiments con- 
clusively prove that if the Fish is artificially prevented from 
obtaining air in this way asphyxiation speedily ensues.^ 

In addition to breathing air through the agency of special 
organs evolved for the purpose, there are many freshwater Fishes 
which, like those just mentioned, periodically rise to the surface 
and swallow air in order to saturate the water which bathes the 
gills with oxygen.^ 

^ For much interesting information on aerial respiration in Fishes, see Day, ojp. 
cit . ; also P.Z.S. 1868, p. 274 ; and Dobson, %bid. 1874, p. 312. 

^ Semper, Animal Life, Intern. Sci. Series, London, 1881, p. 172. 
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In ±he Crossopterygii, Chondrostei, and Holostei, in the Dipnoi, 
and in the great majority of Teleosts, there is situated on the 
dorsal side of the coelom, between the alimentary canal below 
and the kidneys and vertebral 
column above, a more or less elong- 
ated sac with membranous walls, an 
internal epithelial lining and gase- 
ous contents — the air-bladder (Figs. 

154 and 173). Usually developed 
in the embryo as a caecal outgrowth 
from the dorsal surface of the 
oesophagus, the air-bladder grows 
anteriorly and posteriorly, and may 
either retain throughout life its 
primitive connexion with the 
alimentary canal by means of a 
longer or shorter tubular canal, the _T^„ 3 ,erse section of the 



body of a Teleost, to show the 
position of the air-bladder (dia- 
grammatic). a, The air-blad der ; 
c, coelom , ductus pneuma- 
ticus ; the ladneys ; oes, oeso- 
phagus , p p and V j?, panetal and 
visceral layers of the pentoneum ; 
7-, nb , r.c, vertebral column. 


ductus pneumaticus, or become 
completely separated therefrom in 
the adult by the atrophy of the 
duct. Its walls sometimes, but 
rarely, contain muscle-fibres, as in 
Zepidosteus, Amia, and the Dipnoi, 
and are always more or less vascular, while laterally and ventrally 
the organ is invested externally by the peritoneum (Fig. 173). In 
addition to the muscle-fibres distributed in its walls, the bladder 
is often provided with powerful extrinsic muscles, more especially 
in those Fishes in which it is used as an organ for sound- 
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production. In the different groups of Pishes in which it is pre- 
sent the air-hladder frequently undergoes reniarkahle structural 
modifications and becomes adapted for various distiiu*t functions. 

In the Cyclostomata there is no trace of an nir-l)ladder, and, 
unless represented in certain Sharks (e.g. 2D(^fch{s, Galeus, and 
Acamtlhias)} by a small caecum embedded in the dorsal w<ill of 
the oesophagus and eoiumunicating with its cavity, it is also 
absent in all Elasinobranchs. In tlie Crosso- 
pterygii (e.g. Polyjpterus)^^ the air-bladder is 
double, but while the right sac is long and 
somewhat tubular, the left is much sunillcr 
and oval in shape (Fig. 174). Near their 
anterior extremities the two sacs fuse into a 
single unpaired chamber, beyond which they 
again project in the form of tw'o short caeca. 
The median chamber opens into the oesophagus 
on the ventral side by an orifice (y/) bounded 
by prominent lips and furnished with a mus- 
cular sphincter. The organ is devoid of internal 
sacculations. In the Chondrostei (e.g. Aciimiser) 
the air-bladder is oval in shape, with a smooth, 
non-sacculated, inner surface, and a lining of 
ciliated epithelium, and it communicates with 
the oesophagus by means of a relatively wide, 
dorsaUy placed, funnel-like orifice. 

In the Lepidosteidae the single air-bladder 
extends the whole length of the abdominal 
cavity, and, as in Poly^Urus, communicates with 
the exterior through a larynx-like vestibule 
Poiy:pienL provided with a glottis,^ which, however, opens 

WiedtXiiur”' oesophagus (Mg. 175). A 

strong fibrous band runs along the median line 
of the inner surface of its dorsal wall, from which extends 
ventrally on each side a series of transverse fibro -muscular 
ridges, forming the boundaries of a double row of regularly 
arranged alveoli (Fig. 176). The bottom of each alveolus 


Fig. 174. — Air-blad- 


^ Miklucho-Maclay, Jm, Zeitsch, iii. 1367, p. 448. 

® Wiedersheim, LeliTK d, mrgl. Anat. d. Wirbelth. ed. 2, Jena 1886, p. 616. 

® The glottis is furnished with a structure analogous to the epiglottis-like plate 
of JProtopterus (Wiedersheim, op, cfit. p. 616). 
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is still further sacculated hj finer branches of the principal 
fibrous bands ^ In the Amiidae the bladder is very large, and, 
except that a short median cleft divides 
it in front into two short caeca, it is 
unpaired. Internally, its walls are 
much sacculated, but the alveoli are 
smaller and arranged less regularly 
than in Lejpidosteus. The aperture of 
communication with the oesophagus is 
dorsally situated. 

It may be mentioned that in aU 
the preceding Teleostomi the ductus 
pneumaticus is remarkably short, the 
connexion between the air-bladder and 
the oesophagus being almost direct by 
means of a largei or smaller orifice, 
which, except in Acipenser, is more 
anteriorly placed than in most other 
Teleostomi; and further that, unlike 
many Teleosts, there are no special 
bodies,” or “ red glands.” 

In the Dipnoi the structural resemblance of the air-bladder 

to a true lung, which to some 
extent is indicated in Poly- 
jpterus, Amia, and Lejpidosteus, 
becomes stiU more marked. 

In Neoceratodus^ the organ 
is not unlike that of Le'pi- 
dosteus, and takes the form 
of a spacious unpaired sac, 
extending from one end of 
the abdominal cavity to the 




Fig 175 — Portion of the aii- 
bladdei, with the ventral 
wall removed, and the glottis, 
of Lejndosteus a 5, Aii- 
bladder , gl, glottis ; s, bulg- 
ing of the hindei wall of the 
vestibule into the canty of 
the air-bladder ; v, cleft 
leading from the air-bladder 
into the vestibule. (From 
Wiedersheim ) 

retia mirabilia,” red 


Fig 176 — Portion of the air-bladder of Lejg%' other. On its inner Surface 

dosteus, opened along the mid-ventral line ’ i j 

to show the alveoli, av. Alveolus , f.h, tWO fibrOUS bands. One 01 
m^dio-dor^el flbro-inui,oiilai band. (Prom jg ^nd the Other 

Wiedersheim ) . . .111 

ventral, traverse the whole 


length of the bladder, and project slightly into its cavity. 


^ Balfour and IN'ewton Parker, JPhil. Tram 173, Part 11 . 1883, p 425. 

2 Gunther, FhiL Trans, 161, 1871, p. 611 ; Baldwin Spencer, Zoologuclie 
T(/rsclmngsfr&isen in AustraUen (Semon), 1 . Jena 1898, p. 63. 
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Between these median ridges extend a number of transverse 
septa, forming the boundaries of a series of pairs of bilaterally 
symmetrical oval alveoli, the walls of which are still further 
sacculated by a network of finer ridges (Fig. I'ZT). The short 
ductus pneumaticus seems to be an anterior continuation of 
the right} half of the bladder, and opens into the oesophagus by 

a small glottis, situated on the 
ventral side, a little to the right 
of the median line. 

The more complicated and 
much more lung-like air-bladder 
of Frotopterus (Fig. 178) ^ is essen- 
tially double, consisting of an 
anterior unpaired portion, and of 
two sac-like prolongations which 
extend backwards the whole 

length of the coelom, gi'adually 
tapering towards the cloaca. An- 
teriorly, the unpaired portion of 
the organ is continued into a 
vestibule or pneumatic duct, which, 
after passing ventrally on the 
right side of the oesophagus, opens 
into the latter by a ventrally- 
situated, slit -like glottis, imine- 

na 177— Interior of a portion of the behind the last pair of 

air-bladder of a^7,Al- gill-cleftS. The margins of the 

veolus ; /.r, the two fibrous ridges. i ... • i ^ ..i t n 

(From (/anther.) glottis are provided With radially- 

arranged dilator muscles, and in 

connexion with its anterior border there is an epiglottis-like 
fibro-cartilaginous plate.^ The central cavity of each lung (Figs. 
178 and 179) communicates with a series of larger or smaller 
alveoli in the lung-wall, and each of the latter opens in succession 
into smaller tubular cavities, and then into still smaller terminal 
caecal sacculi Hence, much more than in Moceratodus, the 
lungs approximate in structure to those of the higher terrestrial 

^ iN'ewton Parker, Trans. Boy, Irish Acad. xxx. 1892, p. 109 ; Baldwin Spencer, 
op. cit. p. 54. 

® Henle, q^uoted by Howes, B.Z.B. 1887, p. 501 ; also Wiedersheim, op. dt. p. 
622 and Fig. 483. 
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Yertebrata. N’on-striated muscle cells, pigment cells, and blood 
capillaries are abundantly present in the connective tissue 
external to the lining epithelium of the lung-eavities. 

The air-bladder of Lejpidosiren closely resembles that of 


Fig 178 — A, the air-bladder 
ot Proto^ptenis, viewed 
from the ventral side 
Portions of the ventral 
walls of the pharj’-nx and 
bladdei have been re- 
moved gl. Glottis, 
undivided portion of the 
lung , I Z, left lung , oes, 
oesophagus , ^ a\ jp 
the left and right pul- 
monary arteries , jph^ 
pharynx , p v, pulmonary 
vein ; r Z, right lung , vb^ 
vestibule (From Newton 
Paiker.) B, portion of 
one lung of Protopteous, 
opened from the dorsal 
side to show the alveoli. 
aZ, Alveolus. (From Bald- 
win Spencer ) 


B 

Po'^otopterus, and, as in the latter Dipnoid, the 
glottis seems to be furnished with an epiglottis.^ 
In all the Dipnoi the air-bladder is highly 
vascular, but nevertheless presents no trace of 
red bodies or red glands.” 

The most striking features in the remark- 
ably polymorphic air-bladder of Teleosts relate 
to {a) its presence or absence; (6) differences 
in shape and relative size , (c) the development of caecal out- 
growths ; (d) the subdivision of its cavity by the formation of 
internal septa ; (e) the retention or suppression of the ductus 
pneumatieus, and the occasional development of secondary ducts 
communicating directly with the exterior; (/) the presence of 
red glands ” or red bodies ” , (J) its connexion with the audi- 
tory organ ; Qi) its adaptation as an organ for sound-production. 

^ Bischoflf, Ann, d, Sci Nat (2) Zool. xiv. 1840, p. 136 
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{a) The air-bladder is by no means universally present in 
Teleosts. It is absent in several entire families/ such as, for 
example, the Flat Fishes or Pleuronectidae, the Scopelidae, and 
the '' Lump-suckers ” (Cyclopteridae). In a few families, as in 
the Mackerels (Scombridae), the “ Blennies '' (Blenniidae) and the 
Polynemidae, the organ is present in most genera, but absent in 
a few, or even present or absent in different species of the same 
genus. Thus, of the three British species of Mackerel, viz. the 
Spanish Mackerel {Scomber coliai), S. jpneumcitojphorm, and the 

common Mackerel {S. scojnhrus), an 
air-bladder is present in the first 
two, but absent in the third.^ 

(V) As might be anticipated, 
the shape of the air-bladder is 
extremely different in various 
Teleosts, and usually conforms 
to the shape of the body, while 
differences in relative size are 

of the larger alveoli of the air-Dladder 

of Protopt&rm. 1, Central cavity of of frequent occurrence, even in 

“I*" 

bmall terminal saccnli. (From Bald- times the organ is more or leSS 

wm Spencer.) tubular, fusiform, ovoid, or heart- 

shaped ; occasionally it is shaped like a '' dumb-bell,’’ consisting 
of two lateral sacs connected by a median tubular portion, as 
in the Siluroids Olarias and Gallichthys ; or it may be 
horse-shoe- shaped, as in the Silurid Ailia? Ifot unfrequently 
a transverse constriction divides the air-bladder into two inter- 
communicating sacs, as in most of the Carp family (Cyprinidae), 
or three such sacs may be formed by two constrictions (e.g. 
Ojpliidium). In the “ Electric Eels ” (Gymnotidae) there are two 
sacs, connected by a slender canal, from which the ductus 
pneumaticus takes its origin.^ 

The air-bladder is either more or less free in the abdominal 
cavity, or firmly attached to the vertebral centra and their rib- 
bearing processes by fibrous extensions passing between the two 
structures. Not rarely the organ extends from the abdominal 


^ Stannius, SaTtdl), d. Zool. Berlin ii. 1854, p. 220. 

2 Gunther, 8tvdy of Fishes, Edinburgh, 1880, p. 457. 

® Bridge and Haddon, Fhil. Trans. B, 184, 1893, p. 209. 
* Reinhardt, quoted by Stannius, op. cit. p. 225. 
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cavity into the tail, sometimes penetrating for a short distance 
into the expanded haemal canal of the anterior caudal vertebrae, 
or extending unsymmetrically along either the right or left side 
of the tail. More frequently, perhaps, where the air-bladder is 
prolonged into the tail, it assumes the form of two bilaterally 
arranged and symmetrical caeca, which extend backwards for 
a variable distance internal to the caudal muscles and in contact 
with the adjacent skeletal elements, as in Notopteridae, and 111 
some Sparidae, Carangidae, and Scombridae. The extension of 
the air-bladder into the tail is often associated with a short, 
laterally-compressed trunk, which, if the bladder is to attain its 
normal degree of development, necessitates its prolongation into 
the caudal region. 

(c) A characteristic feature in the air-bladder of many 
Teleosts belonging to widely different families is the develop- 
ment of a more or less complex system of simple, or vari- 
ously branched, caecal outgrowths, which, like the internal septa, 
are apecially characteristic of those Fishes in which the bladder 
is used as a v.ocal organ without, however, being peculiar to 
them. 

In some of the Gadidae, as in the Cod {Gadus morrlma), the 
air-bladder divides anteriorly into a pair of caecal prolongations 
which extend forwards to the head, and are often curiously 
coiled. Somewhat similar caeca are also present in species of 
Berycidae, Sparidae, Siluridae, Olupeidae, and Notopteridae. 
Caecal prolongations may also be developed from the hinder end 
of the bladder, and, as already mentioned, extend into the tail ; 
or even from both ends in the same species (eg. Noto'pterui)} 
In the Silurid, R%t(i crmigemf a long tubular caecum is 
developed from each side of the heart-shaped bladder, and 
thence is prolonged backwards to the anus In certain species 
of Boras of the same family (eg. 'i?. maculatus)^ an elegant 
series of variously sized branched caeca fringe each of the lateral 
margins of the bladder. It is, however, in the Physoclist family 
of the Sciaenidae ^ that the branching of the air-bladder attains 
its greatest development in extent and variety. 

^ Cuvier and Valenciennes, Sist. Nat d, FQissons^ xxi. 1848, p. 139 ; Bridge, 
Joum Lmn Soc Zool xxvii. 1900, p. 603. ® Day, F.Z.k. 1871, p. 703. 

® Sorensen, “Lydorganer hos Fiske,’* Copenhagen, 1884, p. 85; Kner, SB, k, 
Akad, Wiss. Wien, xi. 1863, p. 138. 

^ Cuvier and Valenciennes, op, dt v. 
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In Otolithus (Fig. 180) two short tubular canals are given 
off from the antero- lateral angles of the bladder, each sub- 
sequently dividing into two elongated, 
tapering sacs, of which one is directed 
forwards and the other backwards. In 
Corvina lohata (Fig. 181) the lateral 
margins of the bladder are everywhere 
fringed with a series of tufts of caeca, 
each tuft being connected by a short 
common canal with the cavity of the 
organ. In the Drum {Pogooiias clirom is) 
(Fig. 182) each side of the anterior third 
of the air-bladder has a series of digitately 
branched caecal appendages, the most 
posterior of which on each side are con- 
nected by a tubular canal, also bearing 
branched caeca, with the corresponding 
postero-lateral extremity of the bladder. 

FIO. 180 .-Air.ti*uider of Collichthys^ has a stm more remark- 
Otolithus. (Prom Cuvier able arrangement. In this Sciaenoid 
and Valenciennes.) 283) twenty-five tubular branches 

are given off from each side of the bladder, all of which soon 
subdivide into a dorsal and a ventral 
division. These stilL further divide, and 
their branches either end blindly or are 
prolonged into a series of arches to the 
mid-dorsal or mid -ventral line as the 
case may be, where they become con- 
tinuous with the corresponding branches 
of the opposite side. The series of dorsal 
branches, enveloped in their peritoneal 
investment, extend between the body of 
the air-bladder and the roof of the body- 
cavity, while the corresponding ventral 
branches, similarly invested, surround 
that part of the coelom which contains 
the stomach, intestine, and liver. 

(d) In addition to the subdivision of 
the cavity of the air-bladder by the externally obvious, trans- 
^ Gunther, Brit Mus, Oat Fishes, ii. 1860, p. 313. 



Fig. 181. — Air - blad der of 
Coroina lohata. (From 
Cuvier and Valenciennes.) 
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verse, or longitudinal constrictions already described, or by the 
growth of simple or branched prolongations, the organ is often 
chambered or sacculated by the development of internal septa 
or partitions 

In many of the Gurnards {Trigld) ^ the cavity of the bladder 
is divided into two intercommunicating compartments by a 
transversely - disposed 
and centrally-perforated 
diaphragm The large 
air-bladder of some 
species of Erytlirinus ^ 
is subdivided internally 
into numeious alveoli or 
saccuh. In Notojpterus 
a longitudinal septum 
divides the cavity of 
the abdominal portion 
of the bladder into two 
lateral chambers, which, 
however, freely inter- 
communicate anteriorly. 

In the great majority of 
the Siluridae ® the cavity 
of the organ is divided 
by a characteristic 
T - shaped arrangement 
of a primary transverse 
and a longitudinal 
septum into three com- 
municating chambers, of which one is anterior and transversely 
disposed, and two are posterior and longitudinally arranged (Fig. 
2 2 2). The posterior compartments in many genera are still further 
divided by th^ growth of secondary transverse septa, extending 
outwards from the median longitudinal septum, without, how- 
ever, reaching the external lateral walls of the chambers. In a 
few genera, as in certain species of Pangasius^ additional fibrous 
bands and ridges passing between the primary and secondary 

^ Moreau, GompL U&nd, lix. 1864, p. 436. 

^ J. Muller, Bct d, K Akad. d. W%ss, BerUn, 1842, p. 177 

^ Bridge and Haddon, op. cfit. p. 234, PI. II. Pig 18. 

VOL. VII 



Fig. 182 — An -bladder of Pogomas chromis. 
(From Cuvier and Valenciennes ) 


^ Ibid. p. 216. 
X 
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septa give to the cavities of the lateral compartments the appear- 
ance of being occupied by a coarse spongy network. 

((?) In its relations to the oesophagus and to the air-bladder 
the ductus pneumaticus exhibits striking modifications in 
different Teleosts. With very rare exceptions, an open ductus 
is wanting in the Heteromi, Catosteomi, Acanthopterygii, Opis- 
thomi, Pediculati, Jugulares, and the Plectognathi, for which 
reason the term “ Physoclisti ” has often been used as a collec- 
tive name for these Fishes. On the other hand, a permanently 

open ductus is generally pre- 
0 L-_ .tLC. ^ Malacopterygii, 

Ostariophysi, Apodes, and the 
Haplomi, which, in conse- 
quence, have been designated 
Physostomi.’' It must be 
emphasised, however, that all 
‘ Teleosts are Physostomous in 
— ^ the embryonic condition, and 

^ whether they eventua^^y be- 

come Physoclistous or remain 
Physostomous depends entirely 
/ on the abortion or retention 

/ of the primitive communica- 

Fig. 183.— Transverse section through the tion between the air-bladder 

abdominal region of the alimentary canal. 

a b, Air-Ulaclder ; d.b and t,b, the dorsal 

and ventral branches of the air-bladder ; When present in TeleOStS, the 
Z, hvei ; m, mesentery , 5 , stomach; v.c, ^ 

^e^tebral column. The dotted and broken pneimaUCUS, Wim a 

lines surrounding the bladder and its few exceptions (e.g. NotO~ 

it is boft shorj 

and relatively wide, is al^iost 
invariably much longer and narrower than in the other orders 
of Teleostomi and in the Dipnoi, sometimes passing directly from 
the air-bladder to the oesophagus, but not infrequently describing 
a sigmoid curve, as in some Cyprinidae, or an even more tortuous 
course. The opening into the alimentary canal is, with perhaps 
a single exception, dorsal, but may vary from the commence- 
ment of the oesophagus to the hinder end of the stomach. In 
JErythrinus the oesophageal aperture is lateral. In two instances 
the air-bladder has acquired secondary openings to the exterior, 
and of these one occurs among the Physostomi and the other 


Fig. 183.- 
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in the Physoclisti. In the Herring {Olujpea harengus)} in 
addition to the proper ductus, which is connected with the 
distal end of the caecal stomach, a tubular canal leaves the 
hinder extremity of the bladder and opens externally on the left 
side of the genital aperture , consequently, in this Pish the air- 
bladder has a secondary and direct connexion with the exterior 
in addition to the primary and indirect communication by means 
of its proper duct. The Horse-Mackerel (Camnx trachurus) ^ is 
even more peculiar. This Teleost has no true pneumatic duct, 
but instead a special duct which passes from the bladder to open 
into the right branchial cavity by a very minute aperture. In 
neither case is anything known of the mode of origin or morpho- 
logical nature of the secondarily acquired duct. 

(/) The air-bladder differs greatly in its degree of vascularity 
in various Teleosts, as well as in the extent to which its capil- 
lary blood-vessels accumulate at special points on the inner 
surface to form the so-called '‘'red bodies'' or "'red glands” 
In some Teleosts the distribution of capillaries is uniform or 
nearly ;o , in others, as in the Carp (Cyjprinus carpio) the vessels 
are arranged in fan-like, radiating tufts over almost the whole 
extent of the inner surface; in others again, as in the Pike 
{Usox lucius) the tufts are larger and more definitely localised. 
A more extreme modification occurs in some of the Physostomi, 
in which a remarkable concentration of capillaries takes place 
at one or more pomts on the inner surface of the bladder, which 
project into the cavity of the organ in the form of variously 
shaped blood -red masses. These “red bodies” are essentially 
retia mirabilia, consisting of masses of interlacing, tightly- 
nacked capillaries with their afferent arteries and efferent veins. 
Thet fattened lining epithelium of the bladder is continued over 
these bodies without undergoing any special modification. In the 
common Eel {Anguilla vulgaris) there are several of these bodies, 
of which the largest are near the entrance of the pneumatic duct. 

In the Physoclisti the “ red bodies ” seem to be replaced by 
true glands,^ which nevertheless in appearance closely resemble 
the former. Some of the Gadidae, such as the Cod (Gadus 


^ Weber, De aure et auditu Sominis et Leipzig, 1820, p 73. 

2 Moreau, Corrupt. Rend. Ixxx 1875, p. 1247. 

® Ooggi, M%tth. Zool, Stat Neoupel, yii. 1887, p 381 ; Swale Vincent and Stanley 
Barnes, Journ Anat, and Phys, xxx. 1896, p. 645. 
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morrhua), the Haddock (G. aeglefinus), and the Hake {Merluccins 
vulgaris^, have a single large "red gland projecting into the 
interior of the bladder from its dorsal or ventral wall (Fig. 184, A). 
The John Dory {Zeus fctber^ has five such glands, worm-like and 
curved in shape, with their concavities facing a central point 
between them (Fig. 184, B). In these Fishes a '^rete mirabile 
of blood-vessels forms the vascular basis of the glands. The 
ordinary pavement epithelium of the bladder becomes replaced 



Fig. 184, — Red glands, A, of the Cod {Qadus Tn/yrrhua), and B, of the John Dory {Zeus 
faJber\ seen from the interior of the air-bladder, bv, Blood-vessels ; r.^, red glands. 
(From Swale Vincent and Stanley Barnes.) 


by faintly granular, columnar, and evidently glandular cells as 
it passes over the retia mirabilia, and at the same time becomes 
invaginated into the mass of capillaries in the form of a number 
of simple caecal glands (Fig. 185). So far as is at present 
known, the “red glands'" are only found in those Teleosts in 
which the air-bladder has no ductus pneumaticus, whereas in 
those Fishes which retain the ductus throughout life there are 
either no special retia mirabilia, or, as in the Eel, only the 
so-called “ red bodies." ^ 

^ For the blood-supply of the air-bladder see Chap. XU. 
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{g) and (Ji) The structural modifications involved in the con- 
nexion of the air-bladder with the auditory oigan, and its 
adaptation for sound-production, as well as its use in respiration, 
are considered elsewhere ^ 

The Gases of the Air-Bladder. — The gaseous contents of the 
air-bladder consist of oxygen and nitrogen, but the relative 
pioportions of the two 
gases differ in different 
Tishes, and even in 
the same Fish, under 
different conditions 
ISToimally the propor- 
tion of oxygen is con- 
sideiably less in fresh- 
water than m marine 
Fishes, and amongst 
the latter the propor- 
tion of oxygen is often 
enormously greater 
amounting in some 
cases to 87 per cent, 
in deep sea species as 
compared with their 
shallow water con- 
geners A trace of 
carbondioxide is also 
usually present The 
gases are derived from 
the blood as the latter circulates through the capillaries in the 
walls of the bladder, and it is highly probable that the “red 
glands ” take an important part in the process , at all events, ex- 
perimental research has shown that the “ secretion ” or diffusion 
of gas into the air-bladder, as well as the absorption of gas 
from the bladder into the blood, take place most rapidly in those 
Fishes in which " red glands ” or “ red bodies ” are present ^ 

The Functions of the Air-Bladder — Probably no single organ 
in any group of Vertebrata is associated with the performance of 
a greater variety of functions than the air-bladder of Fishes 
Ongmally evolved, it may be, as a glandular caecum in certain 
^ See Chaps XIV XIII and X ^ Moreau, Ami d Sc% Nat (6) av 1876, Art 



Fig 185 — ^Vertical section through a “red gland 
(diagrammatic) c, Capillary blood - vessels , gy 
tubular glands (From Vmcent and Barnes ) 
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Sharks, the air-bladder in the Dipnoi, and some of the more 
generalised Teleostomi (e.g. Amia and Le^idosteufi), and perhaps 
also in a few of the more specialised members of the latter 
group {e.g. certain Teleosts), is to a greater or less extent an 
accessory respiratory organ. In not a few Teleosts it is an organ 
for sound-production, and in others again it is sometimes regarded 
as having an important relation to the sense of hearing. But 
omitting such subordinate functions which, as it were, have been 
grafted on to the air-bladder, there can be no doubt that in the 
great majority of Fishes its primary use is to act as a hydro- 
static organ or '' float.” From this point of view experimental 
investigations ^ seem to justify the following conclusions : — 

The function of the air-bladder is to render the Fish, bulk 
for bulk, of the same weight as the water in which it lives. In 
this condition of equilibrium, or plane of least effort, the Fish floats 
in the water, and therefore it is able to swim with a minimum 
of muscular effort. It is obvious, however, that as a Fish rises 
or sinks it becomes exposed to an increase or a diminution of 
hydrostatic pressure, which will necessarily bring about the 
expansion or contraction of the volume of gas in the air-bladder, 
and, therefore, by decreasing or increasing the specific gravity of 
the animal, will tend to remove the Fish from its plane of least 
effort. To coimteract this, and to restore the Fish to a plane of 
equilibrium at the new level, gas is either absorbed from the air- 
bladder, or more gas is secreted into the bladder,, as the case may 
be. According to Moreau, by this process of automatic adjust- 
ment a Fish will always find, sooner or later, a plane of least 
effort, whatever may be its depth in the water; and further, 
this process takes place much more readily in those Fishes which 
possess '"red glands” or ‘"red bodies, and with extreme slow- 
ness in those in which these organs are absent. Nevertheless, 
it seems doubtful if this process of adjustment can be of much 
use to a Fish in ordinary vertical movements, inasmuch as 
gaseous secretion and absorption are comparatively slow processes, 
the length of which in different Fishes, and under different 
conditions, varies from a few hours to several days. On the whole 
it seems more probable that adjustment to the varying pressures 
of different depths by such means is far more likely to be useful 
during such slow and gradual changes of level as are encountered 

^ Moreau, op. cit. 
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in the course of diurnal, seasonal, 01 other periodic migrations 
than during the rapid changes of level which may take place in 
ordinary vertical locomotion ^ In the generality of Eishes, and 
more especially m the Physochsti, it may he concluded that the 
possession of an air-bladdei restricts freedom of movement in the 
veitical direction, and confines ordinary locomotion within more 
or less well-defined vertical limits abo\e or below the plane of 
least effort for the time being As illustrating this point, and as 
a proof of the danger incurred by a too rapid use in the 
water, the following remarks with reference to the "Kilch,” a 
small Salmonoid {Goregonus) inhabiting the Lake of Constance, and 
a favourite article of food, may be quoted - — The Pish '' are caught 
in nets, and brought to the surface ot the water, they come up 
invariably with the belly much distended, the air m the swimming- 
bladder, being reheved from the pressure of the colunm of water, 
has expanded greatly and occasioned this unnatural distension, 
which lendero the Pish quite incapable of swimming Under 
these conditions the Pish is naturally unable to live for any length 
of time But the fishermen of the lake have a very simple 
remedy , they puck into the air-bladdei with a fine needle , the 
air escapes with some force, the distension subsides, and the fishes 
are enabled to live under totally changed conditions as to pressure, 
e\en in quite shallow water and at the surface, swimmmg quite as 
freely as their companions, the natives of the surface water 
Hence the Kilch is confined to a certain depth, because it is not 
capable of accommodating the tension of its swimming-bladder to 
the change of pressure in the column of supermcumbent watei ” 

It IS not improbable that the Physostomi, or at any rate 
most of them, are somewhat more advantageously placed in this 
respect Prom the general absence of “ red glands ” in this group, 
it may be inferred that whatever capacity for gaseous secretion or 
absorption they possess must be exercised with exceptional slow- 
ness, and, therefore, as a means of pressure-adjustment may be 
neglected On the other hand, they seem to possess the com- 
pensating advantage of being able to substitute for absorption the 
mechanical liberation of gas through the ductus pneumaticus It 
would seem, therefore, that the Physostomi have a distinct advan- 
tage over the Physoclisti in that during ascent in the water they 

^ Bndge and Haddon, op cit p 286 
2 Semper, Ammal L%fc, Internat Sci Senes, London, 1881, p 321. 
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can more readily adapt themselves to the diminished pressure of a 
higher level by ejectmg the needful amount of gas than by relying 
upon the process of gaseous absorption.^ This conclusion is in 
harmony with the results of experiment and with much that is 
known of the habits of these Fishes and their greater freedom of 
locomotion in the vertical direction. 

These briefly summarised conclusions as to the hydrostatic 
function of the air-bladder must, however, be accepted only in a 
general sense. There are many structural anomalies in the air- 
bladder of Fishes which are very difficult to explain, or to corre- 
late with any variations in the habits or in the locomotor activities 
of its possessor. 

In this connexion it may be mentioned that the presence or 
absence of an air-bladder in different Fishes seems to some extent 
to be governed by two causes. First, whenever the requirements 
of a Fish necessitate exceptional freedom of locomotion in all 
directions the restrictions imposed by the presence of an air- 
bladder are removed by its partial or complete suppression; 
a result produced, secondly, by the assumption of a bottom feeding 
or ground habit on the part of the Fish. Fishes like the Flat 
Fishes or Pleuronectidae, when not in motion by the exercise of 
their fins, habitually rest on the sea-bottom, and, as an air-bladder 
is useless under such conditions, it has, in consequence, undergone 
complete atrophy. Not a few Siluridae, and some Cyprinidae, 
inhabit the comparatively shallow waters of rapidly flowing moun- 
tain torrents, and are often provided with suckers for attachment 
to stones or rocks. To such Fishes as these a hydrostatic organ 
is obviously useless, and it has hence become greatly reduced in 
size, and in other respects approaches the condition of a vestigial 
organ. 


1 Moreau, op. cU. pp. 3, 4, 



CHAPTER XII 


THE TASCULAR SYSTEM, THE LYMPHATICS, AND THE 
BLOOD-GLANDS 

The Cyclostomata and Fishes possess a closed vascular system, 
consisting of a heart, arteries, capillaries, and veins, the whole 
forming a continuous series of blood-containing channels provided 
with definite limiting walls, through which the blood is propelled 
in a constant direction by the rhythmical contractions of the 
heart. In the course of the circulation the blood flows from the 
heart through a single large trunk, the ventral aorta, to the capil- 
laries of the gills. From the gills the arteriahsed blood is collected 
into a large dorsally-situated vessel, the dorsal aorta, and thence 
is distributed through a system of arteries to the capillaries of 
the various organs of the body. Finally, the blood is collected 
from the capillaries and returned to the heart by the veins. 

Although in most instances the organs of the body are supplied 
with arteriahsed blood conveyed to them by arteries, there are 
^nevertheless cases in which an organ may receive venous blood by 
a vein in addition to arterial blood supplied by an artery. For 
example, the capillaries of the liver not only receive blood from 
the hepatic artery, but also venous blood by a large vein (hepatic 
portal vein), formed by the union of a number of smaller veins 
by which venous blood is collected from the capillaries of the 
stomach, intestine, spleen, and pancreas. In this and similar 
instances, where a vein formed by the union of the capillaries of 
an organ, or of a series of organs, instead of uniting with other 
veins and proceeding towards the heart, becomes contmuous with 
a second set of capillaries in some other organ, a " portal ” system 
IS said to be formed, and in the particular example of the liver 
it is termed the “ hepatic portal ” system. A similar, or “ renal 
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portal,” system also exists in connexion with the kidneys in the 
majority of Fishes. 

There is little doubt that, primarily, the vascular system of 
Vertebrate animals consisted of a dorsal artery (dorsal aorta), 
running along the median dorsal line of the alimentary canal, and 
a ventral or subintestiiial vein similarly related to the ventral 
surface of the digestive tube. The two vessels were connected by 
a series of pairs of lateral branches, which had their origins from 
the dorsal vessel, and, by their subdivision, formed a capillary 
network in the walls of the alimentary canal. From these 
networks paired veins issued and opened into the subintestinal 
vein. The simplicity of this primitive arrangement was some- 
what disturbed in the region of the pharynx by the development 
of gill-clefts, in the walls of which the blood circulated for 
respiratory purposes from the ventral to the dorsal vessel ; and 
also by the development of a hepatic portal circulation in con- 
nexion with the liver. In the latter instance the subintestinal 
vein entered the liver and subdivided into capillaries in the 
substance of that organ, the corresponding efferent vessel, or 
hepatic vein, becoming continuous with the anterior or pharyngeal 
section of the subintestinal vein, or, as it is usually termed, the 
ventral aorta. In this low grade of vascular system, which is 
perhaps most completely retained in Amphioxus, the circulation 
of the blood was probably effected by the wave-like contractions 
of more or fewer of the larger vessels ; but subsequently a definite 
chambered heart was developed at the origin of the ventral 
aorta. 

Of Fishes in general it may be said that the primitive dorsal 
and ventral vessels are present in the embryo, and for a time 
retain their original relations and physiological importance. To 
a very unequal extent they may also be retained in the adult, 
where, however, they co-exist with numerous other vessels, which 
the increasing differentiation of the body has called into existence. 
Thus, at a later period of embryonic life, the subintestinal vein 
becomes somewhat fragmentary. Its caudal section (caudal vein) 
ceases to be continuous with the precaudal portion, and the blood 
collected from the muscles and other structures of the tail is con- 
veyed to the heart by a pair of posterior cardinal veins, which 
are either directly continuous with the caudal vein, or indirectly 
through the intervention of a renal portal system in the kidneys. 
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The precaudal portion of the suhintestinal vein is represented by 
a vein which runs forwards in the intestinal wall, and is one 
of the minor affluents of the hepatic portal vein, while its 
prehepatic section is represented in succession by the hepatic 
vein, the heart, and the ventral aorta. Of the additional veins 
which supplement these remnants of a primitively continuous 
suhintestinal vein, the largest and most constant are {a) the 
posterior cardinal veins which, commencing in the kidneys and 
receiving the blood from those organs, pass forwards to the heart, 
Q>) a pair of anterior cardinal vems, formed by the union of 
smaller veins from the head, including the brain, and passing 
backwards towards the heart. At the level of the latter organ 
each anterior cardinal vein joins the posterior cardinal of the 
same side of the body to form a short but wide transverse vessel, 
the Cuvienan duct or precaval vein, which opens into the hinder- 
most of the cavities of the heart, viz the sinus venosus ; (c) a 
pair of inferior jugular veins by which the nutrient blood of the 
branchial apparatus is returned to the right and left Cuvierian 
ducts. In addition to these principal veins there may also be a 
pair of lateral veins collecting the blood from the lateral walls of 
the trunk, and also opening into the Cuvierian ducts ; and sub- 
clavian and femoral veins from the pectoral and pelvic fins. 

On the other hand, the primitive dorsal vessel (dorsal aorta), 
retains not only its original position and relations, but also its 
primary function as the main channel for the distribution of 
arterialised blood to all parts of the body. The system of 
lateral and probably segmentally arranged vessels, by which the 
dorsal and suhintestinal vessels were connected in the primitive 
Vertebrata, have undergone considerable modification in all exist- 
ing Pishes, but nevertheless retam much of their original disposi- 
tion and relations in the pharyngeal region of the alimentary 
canal, where they are represented by the afferent and efferent 
vessels of the gills. 

A more detailed account of the condition of the vascular 
system in the Cyclostomata and Pishes will now be given. 

The Venous System. — The Cyclostomata, ^ as might be ex- 
pected, exhibit a more primitive condition of the venous system 

^ J. Muher, Vergl Anat. d, Myonnoidm, Pt. lii (1889), Berlin, 1841, p. 186. 
Por an account of the vascular system of JSdellostoma see Jackson, Journ, CimvtmoLti 
JSoc, Nat. Hist. xx. 1901, p. 13. 
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in certain features than is the case in any other group. The pre- 
caudal portion of the subintestinal vein retains much of its original 
importance and runs in the rudimentary intestinal spiral valve as 
far as the liver, where it becomes the hepatic portal vein. From 
the liver the blood is collected into a single hepatic vein, and by it 
is conveyed to the sinus venosus. The caudal section of the sub- 
intestinal vein, now known as the caudal vein, bifurcates near the 
anus, and its two branches become directly continuous with the 
right and left posterior cardinals, without forming a renal portal 
system. In their forward course to the heart the posterior cardinals 
are situated directly beneath the notochord, and after receiving 
the blood from the Hdneys and gonads, and from the numerous 
pairs of segmental veins of the body-wall, join the corresponding 
anterior cardinal veins, and form on each side a short transverse 
Cuvierian duct which opens into the sinus venosus. There is 
also a pair of inferior jugular veins which, however, unite opposite 
the fifth pair of gill-sacs to form a single trunk ; this vessel is 
continued backwards, externally to the medio-ventral cartilage of 
the branchial basket, and finally opens directly into the sinus 
venosus. 

In Elasmobranchs (e.g. Mustelus antaroticics) ^ the caudal vein 
(Fig. 186) lies in the haemal canal of the caudal portion of the 
vertebral column. On reaching the kidneys the vein divides into 
two renal portal veins, which, however, are not directly continuous 
with the posterior cardinal veins as in the Cyclostomata, but, 
on the contrary, after receiving the posterior segmental and 
oviducal veins, become continuous with the capillaries of the 
kidneys. 

From the latter organs the blood is collected by a series of 
renal veins, and by them conveyed to the posterior cardinals, and 
thence to the Cuvierian ducts. In the adult, therefore, there is 
a well-developed renal portal system, but it is worthy of note, 
nevertheless, that this system is developed comparatively late in 
embryonic life, and that at an earlier stage the caudal vein is 
directly continuous with the two posterior cardinals, precisely as 
is the case in the Cyclostomata throughout life. The posterior 
cardinal veins are situated in the dorsal wall of the coelom (Fig. 
187), beneath the vertebral column. For the hinder portion of 

1 T. Jeffery Parker, Phil, Trans, 177, Pt. ii. 1886, p. 702. For references to 
Elasmobranciis in general, see Parker, 0 ^, cU, p. 725. 
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their extent they are embedded m the kidneys (Fig 186) ; and in 
this region the two veins are in close relation in the median line, 
and here and there freely communicate with each other. More 


anteriorly, they enlarge so much 
that they present the appearance 
of cavernous sinuses. In addition 
to the anterior segmental and ovi- 
ducal veins, the posterior cardinals 
receive the spermatic or the ovarian 
vein from the male or female 
gonad. 

The precaudal section of the 
primitive subintestmal vein, now 
termed the internal intestinal vein 
(Figs. 186 and 187), traverses the 
spiral valve as it passes forwards 
to the liver, but from a physio- 
logical point of view is now merely 
one of the factors of the great 
hepatic portal vein, the principal 
tributaries of which are the veins 
from the stomach and intestine, 
including the rectal gland, and the 
pancreas and spleen. On entering 

Fig. 186 — ^Venous system of Mustelus ant- 
arcticus. a, ATincle, a c, anterior cat dmal j 
J.a, conus arteriosus ; brachial vein , 
c.d, Cuvierian duct or piecaval vein , c % 
caudal vein ; d v, cloacal vein , fv, femoral 
vem , h 5, hyoidean siuus , h u, hepatic vein , 
u, internal intestinal vein ; inferior 
jugular , h, kidney , liver , I -y, lateral 
vein ; md v, mandibular vein ;nhVi nutrient 
hyoidean veins , 0 s, orbital smus , p c, pos- 
terior cardinal , p v, hepatic portal vein ; 
7p V, renal portal vein , sc v, subscapular 
vem , sp V, spermatic vem , s v, smus 
veuosus , Vj ventncle , v a, ventral aorta 
(After T J Parker ) 



the liver the hepatic portal vein divides into two principal 
branches for the right and left halves of the gland. From the 
liver the blood is conveyed by two hepatic veins to the sinus 
venosus 

The lateral veins (Fig. 186) are situated in the lateral walls 
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of the abdomen, immediately external to the peritoneum (Fig. 
187). Each vein begins near the pelvic fin, where it is con- 
nected with its fellow across the dorsal face of the ischio-pubic 
cartilage, and thence runs forward towards the pectoral fin. At 
its origin the lateral vein receives a femoral vein from the pelvic 
fin and a cloacal vein, and also, near its anterior end, a brachial 
vein from the pectoral fin, finally joining the Cuvierian duct ot 
its side^ 

The anterior cardinal vein is situated directly above the gill- 
arches of its side of the head, and extends forwards from its 
junction behind with the Cuvierian duct to the outer side of the 


dLa. 


auditory capsule, where it communicates by a valvular orifice with 
a large sinus surrounding the eye-muscles (orbital sinus), and 
ventrally, by means of a similar aperture, with another large 
sinus, the hyoidean sinus, which lies on the outer face of the 
corresponding hyoid arch, and is continuous ventrally with its fellow 
of the opposite side. Into the orbital sinus open the anterior 
facial vein from the anterior and external regions of the head, and 
the anterior cerebral vein from the lateral half of the brain, and, 
into the hyoidean sinus, the nutrient veins from the hyoidean 
hemibranch. 

The inferior jugular veins are situated beneath the branchial 
apparatus. Each vein begins anteriorly by communicating with 

^ In the common Dog-Fish {S(fylhummnicula) each lateral ^^ein joins the posterior 
cardinal near the junction of the latter with the Cuvierian duct, the subclavian 
vein from the pectoral fin opening directly into the corresponding Cuvierian 
duct. 



Fig. 187. — Diagrammatic tians- 
verse section of an Elasmo- 
bianch, showing the position 
of the principal longitudinal 
blood-vessels, c, Coelom ; 
d,a, doisal aorta ; d c 
dorsal cutaneous \ein ; i <, 
dorsal intestinal vtin , /, 
mtestiiie ; 1 1 r, internal in- 
testinal vein ; Lc v, lateral 
cutaneous vein , L i\ lateial 
vein; m.v.a, mvelomc vein 
and arteiy ; j) t v, posteiior 
cardinal vein ; &i>inal 
cord , sp.Vi spnal valve; v, 
vertebral centium ; t’.c.'?, 
ventral cutaneous vein ; 
v.i,v, vential intestinal vein, 
(From T. J. Parker.) 
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the hyoidean sinus of its side, and, after receiving the nutrient 
veins from the holobranchs of the first four branchial arches, opens 
into the corresponding Cuvierian duct. 

The venous blood from the heart itself is collected into two 
coronary veins, which open into the sinus venosus. 

In addition to the more important veins already described, 
there is also a series of median and lateral cutaneous veins com- 
municating at different points with certain of the more deeply 
seated veins (Fig. 187). 

Characteristic features in the venous system of Mustelus, as 
also of Elasmobranchs in general, are the development of trans- 
verse connexions between certain of the principal paired veins, 
and the tendency of many of the main veins to enlarge into more 
or less irregularly-shaped sinuses 

In its broad outlines the venous system of the Teleostomi 
agrees with that of Elasmobranchs, but is nevertheless character- 
ised by several more or less important modifications, while at 
the same time exhibiting many differences in minor details 

A renal portal system is usually present, but is singularly 
variable m the source of its tributary veins, even in closely allied 
forms.^ In the Sturgeon {Acvpenser) and in some Teleosts, as m 
the Siluroid, Amiurus catus, it resembles that of Elasmobranchs 
In other Teleosts, on the contrary, the renal portal system presents 
various grades of degeneration, or, possibly, of imperfect evolution, 
as will be seen from the followmg illustrations of its condition 
in different genera. 

In Am%urus the caudal vein, after giving off right and left 
renal portal veins to the renal capillaries, emerges from the ventral 
surface of the kidneys, and is then continued forwards between 
the gonads, the veins from which it receives, as the radicle of the 
hepatic portal vein. 

In the Eel (Anguilla mlgaris) the caudal vein (Fig. 188) 
traverses the fused hinder portions of the kidneys, receiving 
several segmental veins from the body-wall and also giving off 
from each side numerous renal portal branches. More anteriorly, 
where the two kidneys become distinct, the caudal vein also 
divides into two renal portal veins and, as each vein extends 

^ Jourdam, Ann, Sci. Nat, (4), xii. 1869, p. 321 ; M‘Kenzie, Reprint from the 
Proc Canadian Imtitute (NS) 11 1884, p. 428. For references to H 3 rrtl and 
other writers, see Jourdain, op. 
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forwards along the outer border of the kidney of its side, it ic- 
ceives a number of segmental veins, and, at the same time, gn es 
off branches to the renal capillaries In addition, each leiial 
portal vein is connected with the hepatic portal vein by a senes 



of smgular arch-like vessels into 
which the ovarian or spermatic 
\eins open 

It IS obvious, therefore, that in 
both Am%VjTm and Anguilla the 
primitive direct contmuity of the 
caudal and posterior cardinal 
veins has been interrupted by the 
formation of a well- developed 
renal portal system, and further, 
that tJie residue of the caudal 
venous blood finds its way to 
the liver thiough the hepatic 
portal vein , hence it follows that, 
as in so many of the lower air- 
breathing Vertebiates, the whole 
of the venous blood from the tail 
IS distributed either to the kidneys 
or liver in the course of its return 
journey to the heart 


Fig 188 — Een il portal circulation in the 
Eel ( 1 Tigmlla i ulgat is) c i Caudal 
vein , i V intestinal vein , Ip e r pc, 
left and right posterior cardinal 
veins , p V, hepatic portal vein , R 
kidney rpv rpv lenal portal 
\eins , sg v segmental veins , £b, aich 
like anastomoses het'^veen the renal 
portal and hepatic portal vems , y 
vem from the urinary bladder (Ph om 
Jourdam ) 


Ihe lench (Tinea mdgaris) 
exhibits the interesting anomaly 
ol possessing two caudal veins, 
a dorsal and a ventral (Fig 189) 
The dorsal \ein as directly con- 
tinuous with the right postenoa 
cardinal, while the ventral one 
divides into thiee branches, two 
forming light and left renal portal veins and receiving numeious 
segmental veins, and the third becoming one of the affluents of 
the hepatic portal -vein In this Teleost it os clear that a 
poition of the caudal blood passes directly to the heart through 
the right posterior cardinal without traversing either the renal 
portal or hepatic portal system 

In the Cod (Gadm moirhua) the caudal vein divides mto two 
branches The larger nght vem retains its direct continuity 
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With the corresponding posterior cardinal , the left, on the con- 
trary, has ceased to he continuous with the greatly reduced left 
posterior cardinal and fornas a renal portal vein, the distribution 
of which IS, however, restricted to the hinder portion of the left 
kidney (Pig 190) As in Amvimus, a branch of the caudal vein 
forms one of the tnbutaiies of 
the hepatic portal vein In the 
Cod it would therefore seem r . ^ 

that only a relatively small 
proportion of the caudal blood ^ ^ 

flows through the imperfectly ' / 

developed renal portal system, ' j y=: 

the bulk of it traversing the , 

Tight posterior cardinal and ' 

passmg directly to the heart, ’ 

leaving, nevertheless, a modi- j ^ 

cum for transmission to the 1 j 

liver Finally, it may be -n 1 [=r= 

mentioned that in some Teleosts j [J”' 

the caudal vein retams its em- I f 

bryonic continuity with one, j L 

usually the right, posterior ^ I 

cardmal, without giving off a 
renal portal affluent, as m the I / 

Perch {Perea, fiiimatihs ) , or, ^ / 

after division, with both pos- 
terior cardinals, as m the . y,cv 

Lump - sucker (Gyclopterus 

hi,mpus) In such instances as —Renal portal system m the Tench 

these no portion of the caudal {Tinea vulgans) dev, vcv, Dorsal and 

hlnnH trflvprciPQ flip Vir^TiPvq ventral caudal veins , A, kidney , c 

Diooa traverses tne maneys, ^ ^ left and nght posterior cardinal 

and if a renal portal system veins , p v, hepatic portal vein , 7 pv, 

, . n 1 i renal portal vein, sgv, sgv, segmental 

exists at all, the only true veins (From Joilrdam ) 

renal portal veins are the ad- 
jacent segmental vems, which transimt venous blood directly to 
the kidneys, instead of first uniting with renal portal branches of 
the caudal vem as in the Tench and the Eel 

Whatever may be the condition of the renal portal system, all 
the renal blood is eventually collected by renal vems and conveyed 
to the posterior cardinals, which are often connected by one or 
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Fig 190 — Venous system of a ieleost (diagram 
matic) A, Auricle , ab i, vem from the air 
bladder , a c, anterior cardmal , c d, Cuvierian 
duct , cjf) c, transverse anastomoses between the 
two posterior cardinals , c v caudal vem , h v, 
hepatic vein , inferior jugular , A, kidney , 
hver j p c, left posterior cardmal p v hepatic 
portal vem r p c, right posterior cardinal r p% 
renal portal vem , 5C v,, subclavian vem , sg % 
segmental vem , sp % spermatic vem , 5 smus 
venosus 


190) In the legioii of 
the heart each posterioi 
cardinal joins the corre- 
sponding anterioi cardinal 
to form a short but wide 
Cuvierian duct, which 
finally opens into the 
sinus venosus 

A subintestinal vein 
IS present in the embryo 
(e g Le'p%dosteus, Acijpemer, 
and some Teleosts),^ but 
in the adult Teleostome 
its precaudal section is 
usually absorbed, or at 
all events ceases to be 
recogmsable except, per- 
haps, as one of the minor 
tributaries of the hepatic 
portal vein ^ 

The hepatic poital vem 
is formed as in Elasmo- 
branchs, but in different 
Teleostomi it may also 
receive the veins from 
the pyloric caeca, from a 
portion of the air-bladder, 
the gonads, and, as pre- 
viously mentioned, a tri- 
butary from the caudal 
vein There are usually 
two hepatic veins open- 
ing into the smus venosus, 
and generally of equal 


size (Fig 190). 

Most of the vems from the air-bladder jom the hepatic portal 


^ Balfour, Oomparative Embryology, London, ii 1881, pp 66, 91 and 96 
2 A subintestinal vein is also present in adult Holooepbali (e g Callorhynchus 
€i>ntarchcus), T Jeffery Parker, op cit p 706 Tbe persistence of tbis vein in 
adult Fishes is associated with the presence of a weU developed spiral valve 
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vein, as already mentioned (Fig. 190), but more or fewer of them, 
especially those from the dorsal wall of the organ, open into the 
posterior cardinals. They may, as m JPoly^pteruB^ even join the 
hepatic veins.^ 

The veins from the gonads are very variable in their destina- 
tion, sometimes joining the posterior cardinals, as m the Salmon 
{Salmo salar) ; or the hepatic portal vein, as in Armuribs ; or, as 
in the Perch {Perea Jiuviatil'is), forming by their union a single 
trunk, which communicates directly with the left Cuvierian 
duct. 

Eepresentatives of the great lateral veins of Elasmobranchs 
appear to be absent in the Teleostomi, the veins from the 
pectoral and pelvic limbs j’oining the Cuvierian duct and the 
posterior cardinal veins respectively. 

The two large anterior cardinal veins, which collect the blood 
from the head and brain, occupy their usual position directly 
above the branchial apparatus, and are sometimes connected by 
transverse anastomoses as they pass backwards to jom the 
Cuvierian ducts. The inferior jugular vein is either single (e.g, 
Oadm)'^ or paired, as in Perea (Fig. 190). 

In the Dipnoi the venous system is distinguished by an 
interesting combination of characters, some of which are either 
primitive or peculiar to the group, while others exhibit a distinct 
transition to the embryonic or the adult condition of the lower 
air-breathing Vertebrates. 

In Neoceratodus ^ (Fig. 191) the renal portal system is unusually 
complex, the veins distributing venous blood to the kidneys being 
derived from several sources, as follows : (1) from each of the 
two branches into which the caudal vein divides on its exit from 
the haemal canal {af,r,r) ; (2) from a common trunk {ptv) which, 
bn each side, is formed by the union of segmental veins from 
certain of the post-cloacal myotomes and is united with its fellow 
by a transverse anastomosis ; (3) from more anteriorly situated 
intercostal or segmental veins which enter each kidney 

directly ; and (4) from a vein on each side corresponding to the 
renal portal vein of Amphibia. The latter vein {rp.v) is formed 
by one of the two branches of the iliac or femoral vein, and joms 

^ Budgett, Trans Zool, Soc. xiv. Pt. vii. 1901, p. 332. 

2 Guntlier, PhiL Trans, 161, 1872, p. 535 ; Baldwin Spencer, Macleay Mermrial 
Volmie, 1894, p. 17. 
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the corresponding vein from the caudal myotomes; from the 
common trunk numerous branches enter the kidney. 



Fig. 191. — Venous system of Neoceratodus. 

Anterior abdominal ; af.r.% afferent 
renal veins ; i.v, brachial ; c.d, Cuvierian 
duct ; c.% cand^ ; hepatic portal ; 
A.U, hepatic ; i.c.-y, intercostal veins ; 
inferior jugular ; il v, iliac ; i.'o.c, inferior 
vena cava or postcaval ; k, kidney ; I, 
liver ; l.a, left auricle ; l.p.c, left posterior 
cardinal ; l.v, lateral cutoeous vein ; 
jpt.v, vein from postcloacal myotomes ; 
p.Vi pulmonary vein ; pv.Vf pelvic ; r.a, 
right auricle ; Tp.Vj renal portal ; s,c.v, 
subscapular ; s,Ji superior jugular or 
anterior cardinal ; t, testis ; v, ventricle ; 
uu, right vertebral vein. (After Baldwin 
Spencer.) 


In the derivation of renal 
portal veins from each of the 
two veins into which the caudal 
vein divides, Neoccratochis ap- 
proaches the Elasmobranchs, 
On the other hand, the utilisa- 
tion of ordinary segmental veins 
from the caudal and pre-caudal 
myotomes, some of which 
directly enter the kidney, is a 
feature which has already been 
remarked in some Teleosts ; 
while the formation of a renal 
portal affluent by a branch of 
the femoral vein is an even 
more striking Amphibian char- 
acteristic. 

The efferent renal veins ^ 
join the root of the left pos- 
terior cardinal and the adjacent 
portion of the caudal vein. 

Of the two great venous 
trunks into which the caudal 
vein divides, the right is much 
the larger and behaves some- 
what differently to the left. 
The former {i.v.c) passes for- 
wards in relation with the right 
kidney, receiving in its course 
the spermatic or ovarian veins 
from the gonad of its side, and 
then traverses the liver, finally 
opening into the median portion 
of the sinus venosus, between 
the orifices of the two hepatic 
veins. The left branch of the 


caudal vein {I'p.c) also passes forwards in relation with the left 


^ Baldwin Spencer, ojp. dt pp. 24, 30-31. Kot represented in Fig, 191. 
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kidney and receives veins from the corresponding gonad; but, 
instead of traversing the liver, it passes above that organ, and 
finally opens into the left Cuvierian duct. The course of the 
left vein, and the relations of the vessel to the caudal vem and 
the left Cuvierian duct, point to the conclusion that it represents 
the left posterior cardinal of other Tishes. From its continuity 
with the caudal vein it is also obvious that the hinder or renal 
portion of the right trunk is a remnant of the right posterior 
cardinal ; but the more anterior section so closely resembles the 
postcaval vein, or inferior vena cava of the higher Vertebrates, 
in its relations to the liver, the hepatic veins, and the sinus 
venosus, that its identity as such seems beyond doubt, and this 
interpretation is supported by well-known observations ^ on the 
mode of origin of the inferior vena cava in Amphibia, and 
especially the union of the independently formed inferior vena 
cava with the posterior or inter-renal portion of the embryonic 
right posterior cardinal vein, combined with the atrophy of the 
anterior portion of the latter vein.^ The singular connexions 
and relations of these two great veins afford an additional 
illustration of the significant transitional condition of the venous 
system in the Dipnoi, On the other hand, the direct continuity 
of the caudal vein with vessels which, wholly or in part, repre- 
sent the two posterior cardinals, is a feature alike characteristic of 
the adult Cyclostome and the embryonic Elasmobranch, Teleost, 
and Amphibian. 

As in the Cyclostomes and Elasmobranchs, the precaudal 
section of the embryonic submtestinal vein is represented in the 
adult by an intra-mtestinal vem which traverses the spiral valve 
near its free edge and is a tributary of the hepatic portal 
vein. 

The two veins from the undivided air-bladder unite to form a 
single vessel, which, instead of joining the hepatic portal or 
posterior cardinal veins as in other Fishes, opens into the left 
auricle, like the pulmonary veins of the Amphibia. 

A further resemblance to the Amphibia is to be found in the 
presence of an anterior abdominal vein. After leaving the pelvic 

^ Hochstetter, Morphol Jahrh. xiii. 1888, p. 153. 

® The vertebral vein, which is present only on the right side, may represent the 
reduced anterior portion of the right posterior cardinal, as Baldwin Spencer (qp cit,) 
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Fig. 192. — Venous system of Proto- 
ptencs. a, Auricle ; a.c, anterior 


limb each femoral vein divides 
into two branches ; one of these 
forms a renal portal vein as previ- 
ously described ; the other, which 
may rightly be termed a pelvic 
vein (pv.v), unites with its fellow 
to form a median anteiior ab- 
dominal vein (a ah). Pursuing its 
course forwards in the ventral ab- 
dominal wall, the vein eventually 
reaches the heart and opens into 
the sinus venosus. The direct 
connexion of the anterior abdo- 
minal vein with the heart is yet 
another example of the retention 
in the adult JS^eoceratodus of a 
transitory embryonic feature in 
the developing Amphibian.’- 

As in other Fishes, the blood 
from the head is conveyed to the 
Cuvierian ducts by an anterior 
cardinal and an inferior jugular 
on each side. There are no 
lateral veins, the blood from the 
pelvic fins floiving into the renal 
portal system or into the anteiior 
abdominal vein, and that from 
the pectoral fin through sub- 
scapular and brachial veins into 
the Cuvierian ducts. Lateral 
cutaneous veins are, however, 
present ; and, as in Elasmobranchs 
(e.g. Mustelus antarctimcs), anas- 


cardinal; anastomotic veins; tomose anteriorly With the Sub- 
c, lutestme; f.v, femoral or iliac , . 

vein; g.h, gall-bladder; hp.v, bep- scapular vem and behmd With the 


atic portal vein ; mfenor 

jugular ; ov.v, ovarian vems ; 
pericardium ; p.c.v, left posterior 
cardinal , p parietal or segmental 
vems ; s, stomach ; sb.v, subclavian. 
Other reference letters as in Fig. 
191. (From Newton Parker.) 


caudal vein. 

^ As an abnormality the adult Frog may 
retain the embryonic connexion of the 
right anterior abdominal vein with the 
heart (Buller, Joum, Anat. arid Phys, iii. 
1896, p. 211). 
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Less is known of the venous system of PToto])tems} but it is 
certain, nevertheless, that it presents a more advanced grade of 
evolution than in Neoceratodics, and, except for the doubt as to the 
existence of an anterior abdominal vein, it is essentially similar 
to that of a Urodele Amphibian in which the right posterior 
cardinal vein has aborted. 

The caudal vein (Fig. 192) divides into right and left renal 
portal branches, neither of which, however, is directly continuous 
with the inferior vena cava or the left posterior cardinal , on the 
contrary, each renal portal vein is joined by the corresponding 
iliac or femoral vein, and also by numerous segmental veins, and 
then distributes the whole of its venous blood to the kidney. 
The radicles of the inferior vena cava and the left posterior 
cardinal are formed by the renal veins from the two kidneys, and 
in their forward course to the heart both veins receive in addition 
genital and segmental veins. In its course through the liver the 
inferior vena cava receives several hepatic veins, and finally 
opens into the sinus venosus, while the left posterior cardinal 
vein joins the corresponding Cuvierian duct, which also receives 
anterior cardinal, inferior jugular, and subclavian veins. There 
is an intra-intestinal vein as in Moceratodm, but an anterior 
abdominal vein has yet to be discovered. The two pulmonary 
veins from the double air-bladder form a single trunk before 
communicatmg with the left auricle. 

With the exception of certain doubtful details which need 
further investigation, the venous system of Zepidosiren ^ seems to 
resemble that of Frotopterus. 

The Heart. — ^The heart is more anteriorly placed than in 
other Vertebrates, being situated directly behind and beneath the 
last pair of branchial clefts and internal to the ventral portion of 
the pectoral girdle. The organ is enclosed in a pericardial cavity, 
which, in the adult, is separated from the abdominal portion of 
the coelom by a transverse pericardio-peritoneal septum, and in 
the Lamprey (Petromyzon) is partially enclosed within a cartila- 
ginous, cup-like modification of the hinder part of the branchial 
basket. In the Ammocoetes-stage of the Lamprey the peri- 
cardium is in communication behind with the general coelom, 
but the connexion is lost in the adult. In Elasmobranchs the 

^ Newton Parker, Trans. Hoy. Jnsh Acad. xxx. 1892, p. 179. 

® Hyrtl, Ahhand, d. BoTim. GcsellscK 1846, p. 643. 
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two cavities are connected by a single pericardio-peritoneal canal, 
or by two such canals ; and in CMmaei'a, and in the Sturgeon 
{Acijpeimr) and Polyodon, by a single canal. 

The heart consists of at least three chambers, a sinus venosus 
which receives the venous blood from the body, an auricle and 
a ventricle, to which is added a conus arteriosus in the Elasmo- 
branchs, certain Teleostomi (Crossopterygii, Chondrostei, and 
Holostei), and in the Dipnoi Through these cardiac chambers 

the blood is forced in 


vcc. ''i I va>.A I 1 order mentioned. Tii 

\ 7 . / \ Dipnoi the auricle is 

^ B i V ^ \ ^ subdivided by a more 

\ i/\: \1 t 1 /. complete inter- 

^ \ I U 1 auricular septum into a 

^ right and left auricle,^ 

y ^ \ j the former receiving the 

A blood from the 

1 I \^)p!/ \ venosus, and the 

\ y l9-tter the aerated blood 
A B lung-like air- 

DlSiddft]? 

Fig, 193. — Diagram of the structure of the heart iu . 

different Fishes. A, In an Elasmobranoh ; B, in The SinuS venOSUS aud 

and 0, in a Teleost. a, Auricle; b.a, auriclft havp vprv 

hulbus aortae; c.a, conns arteriosus; s.v, sinus . auriCie nave Veiy 

venosus ; v, semi-lunar valves ; v\ aunculo-ventri- thin walls ; the Ventri- 
^tejaIye;ua,yentralaorta;f^ ventricle, pvom 


trary, are very thick and 
in great rneasnre are composed of a sponge-like network of mus- 
cular bundles which generally encroaches considerably on the ven- 
tricular cavity. Membranous valves, the sinu-auricular, and the 
auriculo-ventricular valves, are developed at the junctions of the 
sinus venosus with the auricle, and the auricle with the ventricle 


respectively. The conus arteriosus is muscular and contractile, 
and is interposed between the ventricle and the root of the 
ventral aorta. Internally, the conus is provided with several 
transverse rows of pocket -shaped or semilunar valves. In 
Teleosts the conus is non-muscular and vestigial, and has hut 
a single row of valves, corresponding to the most anterior 
of the multiple rows of valves in the Elasmohranchs. In these 


1 ■acre is aa incomplete anricnlar septum in the Holooephali (e.g. Ohimaera 
monstroscc^)^ see Ray Lankester, Trans, Zool. Soc. x. 1879, p. 502. 
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Fishes the vestigial conns is sncceeded by a non-contraetile, bulb- 
like dilatation, or bulbns aortae, of the root of the ventral aorta 
In only a single Teleost, viz. Alhula, one of the Albnlidae, is the 
vestigial conus muscular, and at the same time provided with 
two rows of valves^ In the Cyclostomata there is a bulbus 
with a smgle row of two valves, but no true conus. 

In the Dipnoi (e.g. Po^otopUrus) the heart, like the rest of 
the vascular system, exhibits certain interesting resemblances to 
the Amphibian heart In addition to a more or less complete 
interauricular septum separating right and left auricles, there is 
a median longitudinal ridge, partly muscular and partly fibrous, 
which incompletely subdivides the cavity of the ventricle The 
spirally-twisted conus arteriosus is furnished with several trans- 
verse rows of valves, certain of which coalesce longitudinally to 
form a complete septum dividing the cavity of the conus into 
two distinct lateral channels : with this septum there coalesces 
another septum, which cuts off the origins of the anterior two pairs 
from the remaining afferent branchial arteries. The formation of 
these septa has the physiological effect of subdividing the series of 
cardiac cavities into two parallel channels, of which one has its 
origin behind in the sinus venosus and transmits venous blood 
to the posterior afferent branchial vessels ; while the other, com- 
mencing with the left auricle, conveys arterial blood to the first 
two pairs of afferent branchial arteries.^ In NQOc&ratodM^, however, 
the longitudinal septum in the conus is incomplete, and hence 
the blood which is sent to the anterior afferent vessels is mixed.^ 

The Arterial System, — The ventral aorta is a median artery 
situated beneath the fioor of the pharynx, and having its origin, 
behind, either directly from the ventricle or from the conus 
arteriosus 

In the Cyclostomata ^ (eg. Petroniyzon) the ventral aorta 
(Fig. 194) is contmued forwards from the heart as a single 
vessel to the fourth pair of gill-sacs, where it divides into right 
and left branches which extend as far as the anterior walls of 
the first pair of gill-sacs. Eight pairs of afferent branchial 
arteries arise from the ventral aorta and its two branches, of 

^ Stannius, Randl d. Anat, d. WwdeUk, Berlin, ii. 1854, p 235 ; Boas, Morphot 
Jahrb vi 1880, p 627 

2 Boas, MorpTiol. Jahrb, vi. 1880, p 821. ^ Ib%d. op, cit 

* J Muller, Vergl Anat d Myxino%deni Pt iii (1839) Berlin 1841 p. 179. 
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which the first and last supply the anterior walls of the first pair 
of sacs and the posterior walls of the last pair respectively. Each 
of the remaining afferent vessels extends into an interbranchial 

septum, and supplies the gill-lamellae 
of the posterior wall of one sac and 
those of the anterior wall of the 
next sac behind. The corresponding 
efferent branchial vessels have a 
^ similar distribution, and unite dors- 
ally to form a median dorsal aorta. 
Beneath the base of the skull the 
latter vessel divides into two branches 
which, after receiving the first pair 
of efferent branchial vessels, pursue 
a divergent course forwards, but 
subsequently converge and unite to 
form a “ circulus cephalicus,*' as in 
Teleosts. From the cephalic circle 
are given off on each side (1) an 
^fh-cu “internal carotid” artery for the 
brain and eye ; (2) an “ external 
carotid ” for the lateral and ventral 



cirua— 


Fig. 194. — Branchial arterial system 
of the Lamprey {Petromyzon Jlu- 
viatilis), ventral aorta and 

the afferent branchial arteries are 
seen on the left side, and the effe- 
rent branchial and dorsal aorta on 
the right (diagrammatic), af.h.ct^ 
ef.h.a, Afferent and efferent bran- 
chial arteries ; a.o, auditory organ ; 
5.C, branchial canal ; c.c, cephalic 
circle; coeliaco- mesenteric 
artery ; d,ai dorsal aorta ; e, eye ; 
ea;.c, “ external carotid ” ; A, heart ; 
i.h.Sj interbranchial septum ; in.c, 
internal carotid ; oph.cL, ophthal- 
mic artery ; rjo.a, right and 
left ventral aorta ; median 
ventral aorta ; ^?.c, “ ventral caro- 
tid ” ; 1-7, giU-sacs. (Modified 
from Vogt and Yung.) 

branchial arteries which, on 


walls of the head; and (3) a large 
ventral branch which supplies the 
lingual apparatus; while from the 
abdominal portion of the dorsal aorta 
are derived, first, a coeliaco-mesen- 
teric artery for the liver and ali- 
mentary canal, and subsequently 
branches for the myotomes, kidneys, 
and the gonad. The terminal por- 
tion of the aorta then enters the tail 
and forms the caudal artery. 

In Elasmobranchs ^ (e.g. M%osteh(Si 
antarctims) the undivided ventral] 
aorta gives off five pairs of afferent! 
each side, ascend in succession the 


outer convex sides of the hyoid and first four branchial arches 


^ T. Jeffery Parker, Phil. Trans. 177, Pt. ii. 1886, p. 686 ; cf. H. Ayers, Pull. 
Mus. Comp. Zool. Harvard^ xvii. !N'o. 5, 1889, p. 191. 
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(Fig. 195). The first or most anterior of these arteries supplies 
the hyoidean hemibranch, while the succeeding four supply the 
holobranchs of the four branchial arches. The blood is collected 
from the capillaries of the branchial lamellae by a series of 
efferent branchial yessels, a pair for the two hemibranchs of each 
branchial arch and a single vessel for the hyoidean hemibranch, 
which unite with one another in a somewhat singular fashion. 
The efferent arteries from the anterior and posterior hemibranchs 
of each branchial cleft unite above and below each cleft in such 


pea 



Tils a 


Fig. 195. — ^The 'braiicliial artenal system of Mustelus antarcticus. Left lateral view. 
The ventral aorta and afferent branchial vessels are m sohd black, the efferent 
arteries and their branches have double contours. The branclual clefts have fringed 
borders to indicate their hemibranchs, and the arches are in simple outline. a.c.a. 
Anterior carotid ^ ad anterior dorsal aorta ; afJb. a, afferent branchial artery ; 
hr 0 , brachial artery ; c coeliaco-mesenteric , dorsal aorta , eye ; ejp.a, 
epibranchial artery ; S, heart ; /i 6 a, hypobranchial artery ; hy a, afferent pseudo- 
branchial or hyoidean artery ; md.a^ mandibular artery ; op a, ophthalmic artery ; 
pc.a, posterior carotid; sha^ subclavian; sp^ spiracle; ^ a, ventral aorta, 1-6, 
the hyobranchial and four succeeding branchial clefts. The hypobranchial 
artery is seen immediately beneath the ventral aorta. (After T. Jeffery Parker, 
diagrammatic.) 


a way as to form a series of complete vascular loops round the 
hyoidean cleft and the three succeeding branchial clefts, which 
are connected by short longitudinal trunks in each arch and also 
by a longitudinal commissural vessel between their ventral 
extremities As the fifth arch is gill-less, there is no complete 
loop round the fifth cleft, the blood collected by the efferent 
vessel of the posterior hemibranch of the fourth arch being 
conveyed to the correspondmg vessel of the anterior hemibranch 
of the same arch by one of the short longitudinal vessels above 
mentioned. Dorsally, each arterial loop is continuous with an 
epibranchial artery; and by the dorsal union of the four epi- 
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branchial arteries of the two sides the dorsal aorta is formed. It 
may be pointed out that the anterior efferent vessel of each arch, 
which is usually larger than the posterior one, is to be regarded 
as the primary efferent artery of the corresponding holobranch, 
and as such is directly continuous with an epibranchial artery, 
the posterior efferent artery being a secondary vessel which opens 
not into the primary trunk of its own branchial arch, but into 
that of the succeeding arch.^ The principal arteries which 
supply the various parts of the head with blood are derived 
from the first efferent branchial vessel. From the ventral end 
of this artery a mandibular artery is given off, which subdivides 
into branches for the muscles of the lower jaw as well as into 
nutrient vessels for the hyoidean hemibranch. At about the middle 
of its length the same artery gives off an afferent pseudobranchial 
or hyoidean artery, to the spiracular or mandibular pseudobranch. 
From the latter organ the blood is collected by an anterior 
carotid artery which, after giving off an ophthalmic branch to 
the eye, perforates the orbital wall and enters the cranial cavity, 
where it is joined by an anastomotic trunk from the posieiior 
carotid of the opposite side ; finally, the anterior carotid divides 
into anterior and posterior cerebral arteries for the brain. The 
third and last of the cephalic arteries is the posterior carotid ; 
this artery arises from the dorsal extremity of the first efferent 
branchial vessel, and, on entering the orbit, gives off the anosto- 
motic trunk previously mentioned. The latter vessel enters the 
cranial cavity, and, after crossing its fellow, joins the anterior 
carotid of the opposite side, as described above. The main trunk 
is then continued forwards in the orbit, and its various branches 
eventually supply the eye-muscles, the mandibular adductor muscle, 
and some other parts of the head. 

It is worthy of note that the median dorsal aorta is prolonged 
forwards in front of the first pair of epibranchial arteries as a 
slender median vessel (ad,a)^ which ultimately divides into two 
branches, each branch uniting with the posterior carotid of its 
side. * 

A remarkable system of arteries for ^he supply of nutrient 
blood to the gills and heart has its origin in the following 

1 Chlamydoselachus is more primitive in this respect, and has hnt a single 
efferent vessel lor the two hemibranchs of each arch, which corresponds with the 
more anterior of the two in Mustelus (Ayers, o^. ciL ). 
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manner. On each side, the longitudinal commissural vessel, 
which connects the ventral ends of the arterial loops surrounding 
the different gill-clefts, gives origin to a series of pairs of short 
transverse vessels, and by their union these combine to form a 
median longitudinal hypobranchial artery which lies beneath the 
ventral aorta From the hypobranchial artery are derived the 
coronary arteries for the heart; and from the same artery, or 
from its lateral connexions with the longitudinal commissural 
artery, and, in the case of the hyoidean hemibranch, from the 
mandibular artery, are derived the various nutrient vessels for 
the gills 

The arteries for the trunk, and for the pectoral and pelvic limbs, 
arise in succession from the dorsal aorta. The first of the series 
is the subclavian artery, which has its origin from the aorta close 
to the dorsal extremities of the fourth pair of epibranchial arteries. 
Each subclavian artery gives off a brachial artery to the pectoral 
fin, and is then continued forwards as a lateral hypobranchial 
artery, which, with its fellow of the opposite side, eventually 
becomes continuous with the hinder end of the median hypo- 
branchial artery. Behind the subclavian artery there is a 
median coeliaco-mesenteric artery, the various branches of which 
are distributed to the liver, stomach, and intestine. A heno- 
gastric artery supplies the pancreas and spleen, and also sends 
branches to the stomach. In addition, there are also arteries for 
the gonads, numerous segmental arteries for the myotomes, and 
renal arteries for the kidneys. Fmally, the aorta gives off a 
pair of iliac arteries for the pelvic fins, and then enters the haemal 
canal as the caudal artery. 

The more important differences in the arterial system of the 
Holocephali and the Teleostomi relate to (1) the absence of the 
posterior efferent branchial artery in each branchial arch, (2) 
modifications dependent on the condition of the spiracular and 
hyoidean hemibranchs, and the mode of origin and the course of 
their afferent and efferent vessels ; and (3) the source from 
whence the air-bladder derives its blood when that organ is 
present. 

(1) The branchial arterial system is somewhat more primitive 
than in the generality of Elasmobranchs.^ There are no complete 
vascular loops round the gill-clefts, an^ the blood from the two 

^ Cf. footnote to p. 332. 
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the dorsal aorta 
my a. 

ac6 


p.c. 



d.cu. 


hemibranchs of each branchial arch is conveyed to the dorsal 
aorta by a single efferent vessel which corresponds to the more 
anterior of the two in M^cstelus antarcticus} 

(2) In Callorhynchm^ among the Holocephali, where the 
spiracle is absent but the hyoidean hemibranchi is still a true 
gill, the latter organ is supplied with venous blood by a branch 
from the ventral aorta, the corresponding efferent vessel joining 
(Pig. 196). In the absence of a spiracular 

pseudobranch 
the anterior 
carotid may be 
regarded as con- 
tinuous with the 
hyoidean artery,® 
and as having its 
origin directly 
from the efferent 
artery of the 
hyoidean hemi- 
branch (Pig. 
196). At its 
origin the an- 
terior carotid 
anastomoses with 
the mandibular 
artery. 

The Sturgeon more closely resembles the Elasmobranchs. 
The hyoidean giU is supplied by an afferent branchial artery 
from the ventral aorta, and its efferent vessel joins the corre- 
sponding trunk from the holobranch of the first branchial arch. 
A hyoidean artery supplies the spiracular pseudobranch, the 
efferent vessel of which contributes to the blood-supply of the 
brain and the eye, and probably represents an anterior carotid. 

Le;pidosteus^ offers a singularly interesting transition from the 


Fig. 196. — Portion of the efferent branchial system of Callo- 
rhynchus. a.c, Anterior carotid j a.cb.a, anterior cerebral 
arteries ; d.ai dorsal aorta ; ef.l.a^ 1-4, efferent branchial 
arteries ; ef.fiy, efferent artery from the hyoidean hemi- 
branch ; hy.Cy hyobranchial cleft ; mandibular artery ; 
my.a, myelonal artery ; px, posterior carotid ; p,cb,ay pos- 
terior cerebral artery. (From T. Jeffery Parker.) 


^ Note, however, that in the young Lepidosteus there are two efferent vessels 
in each arch, which, nevertheless, differ from those of Mustelus in uniting to form 
an epibranchial artery before joining the dorsal aorta (F. W. MiUler, Arch, Mikr. 
Anat, xlix. 1897, p. 463). 

2 T. Jeffery Parker, op, cit, p. 691. » Cf. Figs. 196 and 196. 

^ Ramsay Wright, Joum, Anat, and Fhys. six. 1886, p. 482 ; F. W. Muller, 
op. cit. 



VASCULAR SYSTEM 


335 


Elasmobranch to the Teleost. As indicated in the preceding 
chapter, this Eish possesses both a hyoidean gill and a spiracnlar 
pseudobranch (Figs, 197 and 198). The hyoidean gill is sup- 
plied by an afferent artery direct from the ventral aorta, but the 
proper efferent vessel of the gill, which primitively joined the 
dorsal aorta, is suppressed, and the blood is collected into a 
vessel, which, like the hyoidean artery in Elasmobranchs, becomes 
the afferent artery of the spiracnlar pseudobranch. The latter 



Eig 197. — Blood-vessels of the spiracular pseudobranch and the hyoidean gill in Lepi- 
dosteus af a, ef.a, Afferent and eff’erent vessels of the hyoidean giU ; af.ps.a^ 
efps a, afferent and efferent vessels of the spiracnlar pseudobranch , ca, carotid 
(postenor) , d.a, dorsal aorta , efferent branchial vessels ; hy a, hyoidean 

artery ; Jiy hyoidean gill ; spiracnlar psendobranch , v a, ventral aorta. 

(From F. W Mnller, after J ohannes Mnller ) 

artery unites, however, with a second hyoidean artery derived 
from the efferent branchial vessel of the first branchial arch, and 
represents the artery termed hyoidean ” in Teleosts. The 
efferent vessel from the spiracular pseudobranch joins an internal 
branch from the carotid artery, and then distributes its blood 
both to the eye and the brain. 

In Teleosts, as already mentioned in a preceding chapter, 
it is probable that the hyoidean hemibranch is suppressed, the 
so-called hyoidean pseudobranch being a spiracular pseudo- 
branch. The latter is now supplied by a “ hyoidean artery, 
which has its origin from the ventral end of the efferent 
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branchial artery of the first branchial arch, the corresponding 
efferent trunk forming an ophthalmic artery, and passing to the 
choroid gland of the eye (Fig. 199). Both the proper afferent 
and efferent arteries of the hyoidean hemibraneh either dis- 
appear or, as in the Cod (Crctdv^ TiiOTThucL)^ the efferent artery 
may be represented on each side by an anastomosis between the 
hyoidean artery and the cephalic circle. Hence, the hyoidean ^ 
artery of Teleosts corresponds to the one which has a similar 
origin in Le'piclosteus. 

A brief description of the remaining efferent branchial arteries 



Fig. 198. — The hranchial circulation in Lepidosteus (diagrammatic) a, a, Afferent 
"branchial arteries , c, carotid ; d a, dorsal aorta ; e, e, effeient branchial aiteries , 
effeient vessel from the hyoidean gill ■which, after its union with the hyoidean 
artery, becomes the afferent vessel of the spiracular pseudobianch ; efa\ effeient 
vessel of the spiracular pseudobraneh j hy a, hyoidean aitery ; hy,g^ hyoidean 
gill , sp ps, spuracular pseudobranch ; v a, ventral aorta , 1-6, the hj o-branchial 
and succeeding gill-clefts. (After F. W. Muller and Ramsay Wright ) 

and their derivatives in the Cod {Gadios morrhua) will illustrate 
the condition of these structures in a well-known Teleost. 

In this Fish the efferent branchial vessels open dorsally into 
right and left suprabranchial arteries,^ which unite behind to 

form a median dorsal aorta (Fig. 199). Anteriorly, the paired 
suprabranchial arteries extend towards the base of the skuU as 
the so-called carotid” arteries. The two carotids enter the 

cranial cavity, and there unite in the median line, as in the 

Cyclostomes. By the union of these arteries in front, and of the 

^ These vessels are not to be regarded as homologous with the primitive paired 
aortae of Amphioxus and the embryos of higher Vertebrates. The true dorsal 
aorta sometimes persists as a median vestigial vessel which traverses the oirculus 
cephalicus. 
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right and left suprabranchial arteries behind, the characteristic 
circulus cephalicus ” of Teleosts is completed.^ From the 
anterior part of the cephalic circle are derived two internal 
carotid arteries^ for the brain, and also a pair of orbito-nasal 
arteries for the eye- muscles and the nasal sacs, while more 
posteriorly an external carotid has its origm from each supra- 
branchial artery. 



Fig. 199. — Branchial arterial system of the Cod [Gadub morrhua). Lateral view 
af^lOi First afferent branchial artery ; c?,g, coeliac artery , d a, median dorsal 
aorta , first efferent branchial artery , ex c, external carotid , S’, heart , 

hy.Xf hyoidean artery, hypobranchial artery for the heart and pelvic 

fins , hy^Sj spiracular pseudobranch , internal carotid , ® I d.a^ left supra- 
branchial artery, m a, mesenteric artery, (Wt, orbito-nasal artery, oph^a, 
ophthalmic artery ; r.d right suprabranchial artery ; sb a, subclavian artery , 
ventral aorta , 1-5, hyobranchial and succeeding gill-clefts. (Altered from T. 
Jeffery Parker.) 


(3) In most Teleostomi the air-bladder is supplied with blood 
by branches of the coeliac artery, with the addition of small 
branches arising directly from the dorsal aorta. Poly^terus and 
Amia ^ are, however, exceptional, inasmuch as the arteries for the 
air-bladder are derived from the last or fourth pair of efferent 
branchial vessels, and in this respect, but not in the destination 

^ For the relations of the efferent branchial vessels to the cephalic circle and 
the median dorsal aorta in different Teleosts, see Ridewood, P.Z,S. 1899, p. 939. 

2 Only one of the two internal carotid arteries is shown in Fig. 199. 

® J Muller, XT. d, Bctu u, d. Grenzen d. Ganoiden, Berhn, 1846, p. 43 , Ramsay 
Wright, Standard Nat, JS%st. iii. pp. 48, 49. 
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of the corresponding veins, the two genera exhibit a significant 
resemblance to the Dipnoi 

In the Dipnoi the ventral aorta is so short that the affeient 
branchial arteries aiise almost diiectly from the conus aiteiiosus 
with their roots in close contiguity to one another (Fig 200) 

In Neoceratodus (Fig 200),^ there are two effeient vessels to 
each giU-beanng branchial arch, which unite above to form an 
epibranchial artery, and by the successive union of the foui 



Fig 200 — ^BrancTiial arterial system of JS^eoceratodus Lateral view The conus arteriosus 
and the afferent hranchisd vessels are represented in solid bl^ck, the efferent vessels 
and their derivatives with double contours a, Auricle , a c a, antenor carotid 
acba, anteiioi cerebral artery, afbay first afferent branchial artery , 6ra, 
brachial artery , c a coronary artery , c ar, conus artenosus , cm at coeliaco 
mesentenc, epa, epibranchial artery, hb a, hypobranchial artery, hy a, h>oid 
arteiy , hy ar hyoidean arch , I a, Imgual , I da rd a, left and right dorsal aortae , 
oc Ot occipital artery , oes a, oesophageal artery , p pencardiuni , a, pulmonary 
artery , peat posterior carotid , p cb at posterior cerebral artery , 8 v, sinus 
venosus , ventricle , 1, hyobranchial cleft , 2 5, branchial clefts (After Baldwin 
Spencer, diagrammatic ) 


epibranchial arteries a short common trunk is formed on each 
side Posteriorly, the two trunks unite to form a median 
dorsal aorta Immediately above the gill-clefts each effeient 
vessel gives off a branch which, passmg either forwards or back- 
wards, unites with the corresponding branch of the efferent vessel 
m front or behind as the case may he A hyoidean artery 
arises from the ventral extremity of the anterior efferent artery 
of the first branchial arch, and, after giving off a lingual artery, 
ascends the hyoid arch and supphes the hyoidean pseudohranch 
The efferent vessel of the pseudobranch (a c a) or anterior 

^ Baldwin Spencer, Mdcleay Memorial y’oluTne, 1892, p 1 
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carotid artery, eventually enters the cranial cavity and sub- 
divides into anterior and posterior cerebral arteries for the brain, 
also giving off a branch which unites with its fellow of the 
opposite side directly behind the infundibulum. A posterior 
carotid springs from the epibranchial of the first branchial arch 
and divides into palatine, orbital, and ocular branches ; and from 
the ventral end of the anterior efferent vessel of the second 
branchial arch is derived a hypobranchial artery for the heart 
and pericardium. The pulmonary arteries for the lung-like air- 
bladder have their origin from the fourth pair of epibranchial 
arteries. 

As in so many other details of its anatomy, Neoceratodus 
exhibits in its arterial system abundant evidence of the wide- 
spreading affinities of the gi*oup to which it belongs. In its 
branchial arterial system Neocemtodus presents a singular com- 
bination of features which, individually, are characteristic of 
Amphibia and Elasmobranchs. Special Amphibian features may 
be noted in the origin of the afferent branchial arteries almost 
simultaneously from the anterior end of the conus arteriosus; 
in the mode of union of the epibranchial arteries to form 
the dorsal aortae, in the origin of a Imgual artery from the 
efferent vessel of the first branchial arch ; and in the derivation 
on either side of a pulmonary artery from the fourth epibranchial 
artery. Agreement with Elasmobranchs is to be found in the 
presence of two efferent branchial vessels in each branchial arch, 
although the relations of these arteries are more primitive than 
in most adult Elasmobranchs, inasmuch as the two efferent vessels 
of the same arch unite to form an epibranchial artery ; and also 
in the origin and distribution of the anterior and posterior 
carotids. Lastly may be mentioned the fact .that Neoceratodus 
agrees not only with the Amphibia but also with those generalised 
Teleostomi, Poly^terus and Amia, in the mode of origin of the 
great arteries for the air-bladder. 

Of the two remaining Dipnoi, the arterial system of Proto- 
]pterus^ is better known than that of L&pidosvr&n, but in both 
cases further research is needed before a satisfactory comparison 
can be made with Neoceratodus and other Vertebrates. It is 
evident, nevertheless, that both genera differ from Neoceratodus 
in approximating more closely to the Amphibia than to the 
^ Newton Parker, Tram, JRoy, Insh Acad. xxx. 1892, p. 173. 
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lower Fishes, in so far as the branchial part of the arteiial system 
IS concerned 

In their origin from the conus the foni afferent branchial 
arteries oi. Po otoptco iis resemble those of Nfoc&iatodv^, but then 
relations to the branchial clefts are somewhat different (Fig 
201) The first or hyoidean cleft is closed, and the first afferent 
vessel hes between the second cleft and rhe third, and is there- 
fore in relation with the second branchial arch The remaining 
afferent arteries are disposed between the succeeding clefts and 


I (Zco 


aca QSf 



€l£Scc^* 


Fig 201 — ^Brancliul arterial system of Piotoptmu^ (diagrammatic) a, Auricle , a c 
carotid arteiy afferent branchial arteries, cif, e/, afferent and efferent 

\essels of the hyoidean pseudobranoh ha% second branchial arch the vestigial 
first arch bemg omitted , c a, conus arteriosus , e g, external or cutaneous gill , 
a, epibranchial artery , hy ar, hyoid arch , hyps, hjoidcan pseudobranch , I a, 
Imgual artery , Ida and o d a right and left dorsal lortae , Ip a left pulmonary 
artery , s v smosus venosus v, ventricle , 2 6 the second branchial and succeeding 
clefts, the hj obranchial cleft being closed The vestigial first branchial arch is not 
shown The epibranchi-il arteries unite to form the right or left dorsal aorta at the 
same point and not m succession as m the figure (Altered from Newton Parker ) 

are related to the corresponding arches As the second and third 
arches, like the vestigial first arch, hear no gill-lamellae, their 
afferent arteries are diiectly continuous with the corresponding 
efferent vessels, as in those Teleosts in which certam arches are gill- 
less, as well as in the Tadpole-stage of the tailless Amphibia when 
the internal gills begin to degenerate , and they apparently transmit 
arterial blood directly to the dorsal aorta ^ The third and fourth 
afferent arteries, on the contrary, supply venous blood to the two 
henubranchs which are borne by each of the two corresponding 
arches, viz the fourth and fifth, and fiom each pair of hemibranchs 
the blood is collected into two efferent vessels which umte dorsally 

1 According to Boas , for reference, see p 329 
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to form an epibranchial artery From the dorsal end of the fourth 
afferent artery there arises a recurrent branch which curves round 
the upper margin of the sixth cleft and supplies the gill-lamellae on 
the posterior margin of that cleft, a fact which lends support to 
the view that these lamellae are emigrants ” from the anterior 
margm of the cleft, the efferent vessel from the “emigrant’' 
lamellae joins the fourth epibranchial artery. The blood-supply 
of the external or cutaneous gills is derived from the dorsal 
extremities of the second, third, and fourth afferent arteries, 
while the efferent vessels from these organs join the correspond- 
ing epibranchial arteries ; in this respect there is a close resem- 
blance between Froto;pteTus and those larval Amphibians which 
possess similar cutaneous gills. All four epibranchial arteries 
unite together at about the same point to form a short common 
trunk, the right or left dorsal aorta, which subseq^uently unites 
with its fellow to form the median dorsal aorta. 

There is a so-called “ hyoidean ” artery, which, however, has 
its origin, not from an anterior efferent branchial vessel as in 
NeoceratoduSy but from the first afferent branchial artery. After 
giving off a submaxillary or lingual artery, the “hyoidean” 
artery {af) becomes the afferent vessel for the “ opercular gill ” 
or “ hyoidean pseudobranch,” ^ and supplies the latter with arterial 
blood. The efferent vessel {ef) from the pseudobranch unites with 
the four epibranchial arteries in forming the right or left dorsal 
aorta. A “ carotid ” artery arises from the efferent vessel of the 
“ hyoidean pseudobranch,” and a pulmonary artery has its origin 
from the root of the dorsal aorta of its side, and not from the 
fourth epibranchial artery as in Neoceratod'iis. 

The Blood. — ^The blood consists of a nutritive fluid plasma in 
which float red corpuscles and leucocytes. In the Cyclostomata 
(e g. Petromyzon) the red corpuscles are circular, but in Myaine 
they have the usual oval shape. In Fishes the red corpuscles 
are almost invariably flat, oval, biconvex, and nucleated, and owe 
their colour to the presence of the characteristic oxygen-absorb- 
ing, iron-containing pigment, haemoglobin. They are unusually 
large in the Dipnoi and are only exceeded in size by those 
of certain Urodele Amphibians The leucocytes are much less 
numerous than the red corpuscles, although their relative propor- 
tions are very variable, even in the same species under different 

^ This structure may prove to be a hemibranch of the fiist branchial arch. 



342 


FISHES 


CHAP. 


conditions. They appear to be more nnmerons in the Dipnoi 
(e.g. Protopteriis) than in any other Vertebrates, except under 
pathological conditions.^ 

The Lymphatic System. — In addition to blood-vessels, Fishes 
possess a lymphatic system, consisting of smaller vessels, lymph- 
capillaries or lymph-spaces, distributed in the connective tissue of 
different parts of the body, and by their union ultimately forming 
larger lymph-vessels or sinuses which communicate with certain of 
the principal veins, the whole forming a series of channels for the 
collection of the blood-plasma which has exuded from the blood- 
capillaries for the nutrition of the tissues, and for its conveyance 
to the general venous system. The fluid in the lymphatics, or 
lymph, consists of dilute blood-plasma containing leucocytes but 
devoid of red corpuscles. At the points where the larger lymph- 
atics open into the veins, lymph-hearts may be developed. In the 
Eel (Anyiijilla mdgaris) there is a lymph-heart in the tail, which 
communicates by a valvular orifice with the smaller of the two 
caudal veins, and by its rhythmical pulsations propels the lymph 
into the vein. In Siluncs there are two caudal lymph-hearts. 
Apart from the lymphoid tissue, which is so abundantly present 
in certain parts of the body, Fishes appear to be devoid of the 
special lymphatic glands ” of the higher Vertebrates. 

The Ductless or Blood-Glands. — ^All the important blood- 
glands of other Vertebrates have their representatives in Fishes. 
Nothing is certainly known of the function of these organs in 
Fishes, but from the general structural resemblance which they 
present to their equivalents in the higher Vertebrates, it is 
perhaps not unreasonable to infer that they are similar in func- 
tion. If this be so, the blood-glands of Fishes are organs for 
leucocyte-formation and phagocytosis, involving the destruction 
and removal of effete red blood- corpuscles ; in addition, they 
may also be concerned with certain obscure chemical changes in 
the composition of the blood, which have an important relation 
to general or local nutritiom 

The Spleen. — This lymphoid organ is the largest of all the 
blood -glands, and, in the form of a compact or more or less 
lobulated body, is present in all Fishes, and possibly in Oyclo- 
stomes. In position the spleen is usually in close proximity 
to the stomach, to which it is attached by an extension round it 

^ ITewtoa Parker, oj?. ciL p. 167. 
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of the peritoneal investment of that organ. Thus, in the Dog- 
Fish {Soylhum)^ the spleen is a large reddish bodj attached to 
the convexity of the U-shaped stomach, and, in addition, sends 
a long narrow lobe between the distal limb and the valvate 
portion of the intestine (Fig. 153, s]jI) In the Sturgeon 
(Acipenser), the organ is also large, but is attached to the left 
side of the commencement of the intestine. In the Cod (Gadus) 
among Teleosts the spleen is much elongated and is situated 
on the dorsal side of the stomach. In the Dipnoi (e.g Proto- 
pterm) ^ the organ is probably represented by a large compact 
lymphoid mass, closely connected with the dorsal and lateral 
walls of the stomach (Fig. 154, A, b). 

The Thsnroid Gland. — ^This organ ^ usually arises in the form 
of a small median evagination of the hypoblastic epithelium of 
the ventral wall of the pharynx, in the region of the second 
visceral arch Later it becomes detached from the place of 
origin and converted into a solid spherical body. Eventually 
the component cells form the limiting epithelium of a series of 
follicles or vesicles embedded in a matrix of connective tissue and 
blood-vessels, and the characteristic adult structure is attained. 

Among the Cyclostomata the evagination is relatively large 
in the young Lamprey {Petromyzon fiuviahlis), as also is the 
orifice of communication with the pharynx (Fig. 202, th)? The 
aperture soon becomes reduced to a mere pore, and finally 
disappears. During the larval or Ammocoetes-stage the organ 
consists of a median cilated portion, communicating with a pair 
of laterally placed glandular sacs, but in the adult it is much 
smaller, and acq[uires the usual follicular structure. In adult 
Elasmobranchs the thyroid is represented by a moderately large 
compact organ, situated near the anterior end of the ventral 
aorta. In Teleostomi the organ may be paired, or, as in the 
Perch {Perea), more diffuse, consisting of masses of reddish 
lobules lying beneath the aorta, and also scattered for a variable 
distance along the course of the afferent branchial arteries. 

In the Dipnoi (e.g. Protopterui)^ the thyroid is small, con- 

^ Newton Parker, ojp. c%t p. 138. 

2 De Meuron, Recherches but U d4^eloppeme%t du Thymus et de la glcmde thyreoide, 
Inaug. Dissert, Geneve, 1886 ; Maurer, Morj^K Jdhrb xi. 1886, p. 129 , W. Muller, 
Jen, Zeitsch. vi. 1871, p 428 , Yii. 1873, p. 327 ; Dohm, Mitth, Zool. Stat, Newpel, 
vi 1886, p. 49 , vii. 1887, p 301. 

3 C/. p. 280. 


* Newton Parker, oj?. ent p. 135 
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sisting of two lateral lobes connected by a constricted median 
portion, and situated beneath the epithelium of the tongue, 
immediately aboye the hyoidean symphysis. A similar structure 
has been described by Bisohoff^ in Lepidosiren, and was regarded 
by him as a sahvary gland. 

As in Eeptiles, Birds, and Mammals, paired or accessory 
thyroid bodies (“ supra-pericardial organs ”)^ are present in many 
Fishes, and appear to be similar in structure to the median 
thyi-oid. In Elasmobranchs these bodies originate as a pair of 



Fig. 202. — A, a vertical section tlirongli a just -hatched larva of Petromyzon. a,% 
Auditory vesicle ; hr.o, hrauchial cleft ; h, heart ; ??i> mouth ; n, notochord ; oZ, 
olfactory pit ; ph, pharynx ; sp, septum or velum between the stomodaeum and 
the mesenteron ; sp.c, spinal cord ; th, thyroid outgrowth from the floor of the 
pharynx. (From Gegenbaur, after Calberla.) B, diagram illustratmg the develop- 
ment of the thyroid, the thymus, and the accessory thyroids, and their relations to 
the branchial clefts. a,th, Accessory thyroids ; g.p, giU-pouches ; Ph, pharynx ; 
Z, thymus ; th, median thyroid. (From Hertwig, after de Meuron.) 


outgrowths from the epitheKinn of the pharynx behind the last 
pair of branchial arches (Fig. 202, B, aM). Subsequently they 
become detached from the pharynx, and in the adult are situated 
on the dorsal side of the pericardium, remote from the median 
thyroid. 

According to Dohm the median thyroid is to be regarded as 
the vestige of a gill-cleft which primitively existed between the 
hyomandibular cartilage and the hyoidean arch. This conclusion 
seems, however, to be less in harmony with the facts of develop- 
ment than the view^ that the organ is derived from the 
characteristic hypobranchial groove or “ endostyle ” of Ascidians 

^ Quoted by N. Parker, Z.c. 

2 Van Bemmelen, Anat. Anz, iv. 1889, p. 400. 


® W. Muller, op, cit. 
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and Amphioxus, which has undergone a change of function from 
a mucus-conveying groove to a blood-gland. On the other hand, 
the mode of origin of the paired thyroids certainly favours the 
suggestion that they represent a posterior pair of vestigial gill- 
clefts, a view which derives some support from the fact that in 
JSfotidanus, where additional branchial arches and clefts are 
present, the paired thyroids are absent. 

The Thymus. — In the embryo Elasmobranch and Teleost^ 
the thymus has a multiple origin, being derived from a series of 
distinct epithelial thickenings, one of which is developed at the 
dorsal extremity of each of the gill-clefts except of the spiracle. 
These rudiments subsequently detach themselves from the epithehal 
surface and sink inwards, eventually fusing together on each side 
to form a single independent structure. Later, the epithelial mass 
thus formed becomes invaded by connective tissue, and by leucocytes 
which form lymph follicles, and the thymus gradually assumes 
the structure of a lymphoid organ From its mode of develop- 
ment it has been suggested that the thymus owes its evolution 
to the metamorphosis and ingrowth of branchial filaments,^ but 
it is also noteworthy that each embryonic rudiment of the organ 
closely resembles, both in position and origin, one of the develop- 
ing branchial tongue-bars of Amphioxus.® The abundance of 
leucocytes which it contains has also prompted the further 
suggestion that the origin of the thymus may be due to the 
necessity of providing for the phagocytic protection of the gills 
themselves from the ravages of harmful micro-organisms, fungoid 
spores, etc, as well as to aid in the removal of such portions of 
the giUs as may have been injured.'^ 

A thymus is probably present in all Fishes, if not in the adult 
at all events in the embryo, but is always relatively small in size. 
In Elasmobranchs the organ lies on each side above the branchial 
arches and beneath the dorsal musculature ; and in Teleostomi at 
the dorsal extremity of the last branchial arch, in close proximity 
to the mucous membrane of the branchial cavity. In a similar 
position in the Dipnoi (e.g. ProtojoterusY there are, on each side, 

^ DoLm, MittJi. Zool, Stat Neapel v. 1884, pp. 141-151 ; see also tLe pre- 
viously cited works of De Meuron and Manrer 

® Dohrn, op cit. 

^ See pp. 120 and 135. WiUey, Amphioxus and the Ancestry of the Vertelrates, 
JTew York, 1894, pp. 30, 31. 

^ Beard, Anat, Anz. ix, 1894, p, 485. ® Newton Parker, op. cit, p. 135. 
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two contiguous lobes of lymphoid tissue which apparently 
represent a thymus. 

The Supra-renal Bodies. — The supra-renal bodies aie organs 
of problematic function, which are present in the Cyclostomata, 

and piobably in all 

OSS 

Fishes, and situated 
in close proximity 
kidneys. 

Im J\ (\ Cyclosto- 

/ItKBm' ^ \ f mata (Pctromyzon) 

' )*•*( v'l these bodies aie re- 

l/\ )( It presented by lobules 

s/ r\ H along the 

*/ O n posterior cardinal 

•{ veins, and also by 

5 /. 1 I ){/ masses of peculiar 

/ I J J TTb— - ] cells (“chromaffin 

/ li I cells”)along the sides 

[ ] [11 \ of the aorta and seg- 

/ v^(l ( VV 11 mental aitenes^ In 

/ — ' y h ( / Elasmobranchs theie 

'H 1 distinct 

V V I \ J \J structures, the paired 

vV J 1 ^ supra-renals and the 

p. — .1 ^ _\y__ inter - renals (Fig. 

y I* Y * 203, A). The former 

\y J are a series of pairs of 

^ g Q segmentally arranged 

Fig 203. — Supra-renal and inter renal bodies of Fishes, bodies, Situated On 
A, ot StyUiMTri catulus , B, of Acipefiseir stwrio , C, of ■[}};x0 SUCCeSSlVC pairs 
Pagdlus cQTUrodontus, <la, Dorsal aorta , zr, inter- « a. ^ T ' 

renal body , I wi, lymphoid portion of the mesonephros , Ot segmental artcrieS 
wi, mesonephros , mtn, metanephros , oes, oesophagus , given off from the 
sg a, segmental arteries , sr, supra renal bodies 5 ^ ^ j 
sympathetic nerves (From Swale Vincent ) dorsal aorta. The 

two bodies which 

form the first pair are much larger than any of the others, and were 
formerly spoken of as “ axiUary hearts,” The inter-renal is usually 
a thin elongated “ ochre-yellow ” body, from which one or two lobes 
may be detached in front, and extends for a variable distance in 

^ Giacoiiiini, guoted by Swale Vincent, Jouvn, Anat, cund Phys, xTXviii. 1903, 
P 
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the median line between the two kidneys, or is nnsymmetncally 
placed on the ventral surface of either kidney.^ Sometimes (e.g 
in BaicC) the inter-renals are paired, in which case they are applied 
to the inner and hinder margins of the kidneys. In the Sturgeon 
{Acijpenser sturid) the supra-renals ” appear as numerous '' ochre- 
yellow” bodies, variable in size and distribution (Fig. 203, B). 
Some of them are visible on the surface of the kidneys, while 
others are scattered about in their substance, but on the whole 
are more anteriorly placed than in Teleosts. In the latter group 
the “supra-renals” are usually two in number (Fig 203, C), but 
may be as many as five or reduced to one. They are disposed 
either on the ventral or the dorsal surface of the kidneys, 
generally near their hinder extremities, or more or less deeply 
embedded in their substance. Besides these bodies there are 
also chromaffin cells in the walls of the anterior cardinal vems.^ 
Histologically, the paired segmentally arranged bodies of 
Elasmohranchs differ considerably in structure from the inter- 
renal bodies, the former resembling the “medulla,” while the 
inter-renals, as well as the so-caUed supra-renals of Ac^'penser, 
exhibit a striking resemblance to the alveolar “cortical” sub- 
stance of the Mammahan supra-renals^ In Cyclostomes the 
cortex is apparently represented by the lobules of cells along the 
posterior cardinal veins and the medulla by the “chromaffin” 
cells, while in Teleosts the cortex and the medulla have their 
respective counterparts in the supra-renals and the “ chromaffin ” 
cells in the walls of the anterior cardinal veins. It may be 
concluded, therefore, that Elasmohranchs, Cyclostomes, and 
Teleosts possess anatomically distinct representatives of both the 
“ medulla ” and “ cortex ” of Mammalia, although the Sturgeon 
is at present only known to possess the equivalent of the 
“ cortex.” In Amphibia, Eeptilia, and Aves both “ cortex ” and 
“ medulla ” are present, and in the varying intimacy of their 
relations offer a transition to the Mammalian arrangement of a 
central medulla closely invested by a sheath of cortical substance. 
A more or less intimate connexion exists between the paired 
supra-renals of Elasmohranchs and the sympathetic nervous 

^ Vincent, Trans, Zool, Soc xiv. Part liL 1897, p. 41. Por babliograpliy see 
Vincent, Internat, Monatsschr. f, Anat. u, Fhys, xv. 1898, p 319. 

2 Giacomini, quoted by Swale Vincent, Joum, Anat, and Fhys xxxviii. 1903, 
p. 41. 

® Vincent, op ciL pp. 82, 33. 
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system The foimer are usually well supplied with s}nipdthetie 
nerve fibres, and contain ganglion-cells in tlitii suh^i iiui 

The primitive origin of these oigans is vciy ohstuie iiul as 
regards their development theie is much diveisitj t)i opiiuou 
It seems certam, howevei, that the coite\ and luodulli ot the 
higher Yertebiates, including then equivalents lu the Ehsiuo- 
branchs, have independent origins, and the b<ilanee ol 01)1111011 
seems to point to the derivation of the coitex hoiu some poition 
of the geiminal coelomic epithelium, while the medulla is deiued 
from the embryonic nerve cells of the sympathetic ganglia 

Lymphoid Tissue. — In addition to ceitaiu ot the diutkss 
glands, and the local or diffused masses ot then chaiacieiistic 
tissue already meutioned in connexion with the alnneutaiy c<inal, 
lymphoid tissue is often abundantly present in othei paits ol I lie 
body. Theie is, for example, a mass of this tissue on the he<at 
of the Stuigeou The anteiioi enlaiged poitiou ol 

the mesonephros, commonly termed the '' head-ludney ’ oi tlu' 
Teleostomi (Fig 203 , B, C), is almost entnely comjiosed ot 
lymphoid tissue,^ which has replaced, wholly ox ])<nti<illy, 
the pioper renal structure, and fiom the pie&once ol iioe xed 
blood-corpuscles and of crystals of oxy-haemoglobin and othei 
derivatives of haemoglobin, it may be infened that the ^'hcad- 
kidney,” in common with the more orthodox blood-glands, pex- 
forma a blood -destroying function^ On the othei li*iud, the 
example of the spleen, which is ahke the seat oi leucocyte- 
formation and of blood- destruction, renders it unnecessaiy to 
reject the view that the “head-kidney” is an oigan m which 
leucocytes or blood corpuscles are formed In but few Teleostomi 
IS a purely lymphoid “head-kidney” entirely wanting, as, ioi 
example, m the Sun-Fish {Orthagoriscus TtiolcC)^ As pieviously 
mentioned the Dipnoi are remarkable for the extraordinary 
development of lymphoid tissue, inasmuch as it forms a thick 
investing mass round the kidneys and gonads in addition to its 
exceptional abundance in the walls of the ahmentary canal 
The absence of ordinary lymphatic glands in Fishes is well 
known, and it is at least probable that, functionally, the want of 
these lymphoid organs may be compensated for by the super- 
abundance of lymphoid tissue m other parts of the body ^ 

^ Balfour, Quart J Miar jSa. xxu. 1882, p 12 

2 Swale Vincent, op cit p 78. ® pp 77, 78. Balfour, op c%t p 16. 



CHAPTER XIII 


MUSCULAE SYSTEM — LOCOMOTION — SOUND-PEODUCING OEGANS— 
ELBCTEIC OEGANS 

Muscular System. — The vanous muscles of the body may he 
arranged in two systems : (i.) the somatic or ^parietal, composed of 
striated or voluntary muscle-fibres; and (iL) the splanchnic or 
visceral, consisting for the most part of unstriated or mvoluntary 
fibres. Somatic muscles form the great lateral longitudinal 
muscles of the trunk and tail, which retain the primitive 
embryonic metamerism to a greater extent in Fishes than m 
any other Vertebrates, and are the principal muscles associated 
with locomotion. The lateral muscles are composed of a senes 
of transverse muscle-segments or myotomes, which are >-shaped, 
or S-shaped, or they even take a zigzag course from above 
downward. The myotomes are disposed in pairs, and they are 
separated from one another by fibrous septa or myocommata. 
Each myotome is divided into a dorsal or epiaxial portion, and a 
ventral or hypaxial portion, by a longitudinal, horizontal, fibrous 
septum extending outwards from the vertebral centra to the skin. 
The muscles of the pectoral and pelvic fins are derivatives from 
more or fewer of the adjacent myotomes. The splanchnic muscles 
include the musculature of the walls of the alimentary canal, as 
well as those specialised portions of the visceral system which 
are represented by the muscles of the branchial arches and the 
jaws, and are composed of striated fibres. 

Locomotion. — A Fish and a Bird are equally remarkable for 
the many and various ways in which they are adapted for locomo- 
tion in the particular medium in which they live. In its shape 
the Fish is admirably adapted for cleaving the water Spindle- 
hke in shape, but thicker in front than behind, a Fish resembles 
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a double wedge, the thick part of which is represented by the head 
and one of the thin edges by the free hinder margin of the caudal 
fin. The body is bounded by smooth flowing contour lines, unbroken 
by any sharp separation of the body regions from one another, and 
with no points of resistance to its forward motion through the 
water. The body being thicker in front than behind, and, as seen 
in transverse section, broader above than below, it follows that its 
centre of gravity will be nearer the head than the tail, and nearer 
the dorsal than the ventral surface. The dorsal position of the 
centre of gravity necessarily renders the equilibrium of the body 
unstable, and were it not for the balancing action of the paired 
fins the Fish would float belly upwards, as is always the case 
after death. Most Fishes are provided with a membranous gas- 
containing sac, the air-bladder, the principal function of which is 
to render the Fish, bulk for bulk, of the same weight as the 
water, so that in this position of equilibrium, or plane of least 
effort, the animal can execute its various, locomotor movements 
with a minimum expenditure of muscular effort — an advantage 
which no other animal possesses.^ To give stability to the body, 
and to steady its course when swimming, the Fish has a dorsal 
and a ventral keel, formed by the anal and dorsal fins, which, 
like the sliding keel of a yacht, can be raised or lowered as 
occasion requires. When these fins are removed the course of 
the Fish becomes zigzag, and the animal wobbles. 

The organs more directly concerned with swimming are the 
tail and the caudal fin, and the pectoral and pelvic fins, but the 
relative share which these structures take in the actual pro- 
pulsion of the Fish differs greatly. The principal organ of loco- 
motion in the typical Fish is the powerful muscular tail, which, 
in swimming, is lashed from side to side by the alternating con- 
traction of the great longitudinal muscles on opposite sides of the 
vertebral column.^ In such movements the tail is first flexed or 
bent, say to the right side : this stroke has been termed the non- 
effective or back stroke. By a stroke in the reverse direction the 
tail is then extended and straightened, that is to say, the Fish 
makes the forward or effective stroke. By a rapid succession of 
such strokes to the right and left sides alternately the Fish is 

^ See Chapter XI. 

- Pettigrew, Animal Locomotion, Internat. Sci. Series, London, 1874, p. 64 ; 
Gadow, Science for All (Cassell), v. p. 302. 
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forced through the water. It is obvious, however, that the 
extension or effective stroke must have a considerable surplus of 
power over the flexion or non-effective stroke, and how this result 
IS achieved will now be briefly considered Experiment, and the 
observation of Fishes like the Sturgeon, which habitually move 
with sufficient slowness to allow the phases of their swimming 
movements to be followed without much difficulty, show that in 
swimming a Fish throws its body into two opposite and comple- 
mentary curves, a cephalic curve formed 
by the anterior half of the body and a 
caudal curve by the tail The double 
curve enables the Fish always to present 
a convex, less resisting or non-biting sur- 
face to the water during the flexion of 
the tail to the right or left as the case 
may be, and a concave or biting surface 
during extension, that is when the tail is 
straightening itself during the effective 
stroke 

Fig. 204, which represents a Fish in 
two successive positions while swimming, 
will serve to illustrate these conclusions. 

A Fish in the position A has its body 
thrown into a cephalic concavity directed 
to the right and a caudal concave surface 
facing the left. The tail is bent to the 
right of the line a 5, which corresponds 
to the axis of the Fish when at rest and 
to the course pursued by the animal 
when swimming, and is in the position 
which it assumes during a flexion stroke, 
with its convex non-biting surface directed 
outwards and its concave biting surface inwards. The tail is 
now ready for an extension stroke, and while this is in 
progress it is clear that the concave biting surface of the tail 
will meet the water, while at the conclusion of the stroke 
the tail will be in a line with a b At the same time the 

cephalic curve has so far diminished that the long axis of 

the body for a momentary period will also coincide with a 6, 

and the Fish is free to advance without impediment. The tail, 



Fig 204 — To illustrate the 
mode m which the tail of 
an ordinary Fish is used 
in swimming. See the 
text for the lettering. 
(Slightly altered from 
Pettigrew ) 
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however, continues its movement to the left, but now as a flexion 
stroke, and assumes the curvature and position indicated in B, 
with a reversal in the direction of both the cephalic and caudal 
curves, but in the meantime the force of the preceding extension 
stroke has forced the Fish along the line a I to the new position 
indicated by B. By a rapid succession of alternating flexions 
and extensions, during which the tail describes figure - of - 8 
curves, the Fish travels in an undulating forward course with a 
maximum of propelling power and a minimum of “ slip. In 
short, the action of the tail precisely resembles the action of the 
stern-oar in the operation of sculling a boat. 

There are also other considerations which add to the surplus 
power of the extension stroke by lessening the resistance of the 
water to the flexion or non-effective stroke. During the flexion 
stroke the tail fln is less expanded and its area diminished, and 
by the rotation of the Fish on its long axis the surface of the 
tail strikes the water obliquely, and further, the tail moves with 
less rapidity. On the contrary, when the extension stroke is 
made these conditions are reversed. The caudal fin is expanded, 
the stroke is more rapid, and by the reverse rotation of the Fish 
the tail now strikes the water with its flat surface. In other 
words, the action of the tail during the two strokes may be com- 
pared to the '' feathering ” of an oar in rowing. Nor is this 
all A Fish in motion through the water produces a suction 
current behind it. The current offers but little resistance to the 
flexion stroke, inasmuch as the direction of the two coincide, 
but daring the extension stroke the tail meets the full force of 
the current, and consequently its grip and propelling power are 
greatly enhanced. There is a striking analogy between the 
movements of a Fish's tail in swim m ing and the action of the 
screw of a steamer, but as a propelling organ the former is far 
superior to the latter. As we have seen, the tail of a living 
Fish can so adjust its shape and surface that it alternately eludes 
and grips the water in accordance with the needs of particular 
strokes. 

The curves into which the body of a Fish is thrown when 
swimming are never less than two, but in long-bodied Fishes, 
such as the Eels, the number may be increased, and in every 
case the curves occur in pairs and are complementary to one 
another. 
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Many Fishes can jump out of the water, eithei in pursuit of 
insect lood, like the Trout, oi to enable them to escape the pui- 
suit of then foes, like the Flying-Fish (Exocoefus), by means of 
a single forcible stroke of the tail, when the Fish is in a neaily 
vertical position close to the suiface of the water It is thus 
that the Salmon executes its lemaikable leaps over wens oi up 
salmon-laddeis when ascending riveis for spawning 

The tail is also used for steering If kept bent to one side when 
the Fish IS moving the tail acts like a i udder, and the couise of 
the Fish is deflected to that side ^ oi the direction may be altered 
by single strokes of the tail to the right or left, according to the 
couise which the Fish desnes to puisue 

In the majoiity of Fishes the paned fins are probably of 
little use foi propulsion, and then action in this as in other 
functions is not always clear In the Shaiks and Dog-Fishes as 
well as in some Teleosts their planes are neaily hoiizontal when the 
fins aie extended from the body , in otheis they aie more oblique, 
so that the surfaces of the fins look upwards and backwards, and 
downwards and forwards , and m others again then surfaces are 
so nearly vertical that their strokes wiU be backwards and for- 
wards The pectoral fins also vary in then position on the sides 
of the body, being much more dorsal in some Fishes than in 
otheis The paned fins may act as lateral keels in steadying the 
course of the Fish especially when* the fins are extended and 
their planes are horizontal They certainly seem to act as 
balancers in keeping the Fish on an even keel, and in counter- 
acting the tendency of the Fish to turn belly upwards — a result 
which IS attained by a slight upward and downward movement 
of the fins, and particularly of the pectoial fins A Fish deprived 
of its pectoral members sinks downwards at the head and assumes 
an oblique position in the water. Eemoval of both the pectoral 
and pelvic fins of one side causes the Fish to roll over to that 
side 5 and if the fins are removed from both sides the animal 
turns belly upwards like a dead Fish The pectoral fins may 
also be used for steering * a backward stroke of one fin while the 
other IS kept folded back against the body will wheel the Fish 
round to the opposite side. From the ventral position of its 
mouth a Shark is forced to turn over to one side in order to 
seize its prey, and this movement of rotation is probably pro- 
duced by the down strokes of the pectoral fin of one side In 
VOL. VII * 2 A 
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some Fishes it would seem that the pectoral fins may assist loco- 
motion by acting as paddles. The 15-spined Stickleback {Gast^ 
rosteics sjpinosus) frequently progresses by their aid alone ; and, as 
their action can be reversed at pleasure, it is not unusual to see 
this Fish move backwards. The fins appear to be rotated or 
twisted in spiral movements like the tail when used for swim- 
ming, or like the wings of Insects in flying. 

It has been mentioned that the function of the median fins 
(dorsal and anal) is to give stability to the Fish l)y acting as 
dorsal and ventral keels. This is certainly the case in the 
generality of Fishes. Nevertheless, there are exceptional in- 
stances in which one, or even both, of these fins are important 
swimming organs, acting either as a substitute for a tail which 
has become adapted for other uses, or as supplementary to that 
organ. Thus, in some of the Syngnathidae (Pipe-Fishes and Sea- 
Horses) the small size or absence of the caudal fin, and its use as 
a prehensile organ, renders the tail of little or no value as a pro- 
pelling organ : hence it is that these Fishes swim by a lateral 
undulating movement of the dorsal fin. To enable them to do 
this the supporting skeleton presents certain interesting modifica- 
tions. In the majority of Teleosts the arrangement of the fin- 
muscles, and the nature of the articulation between the dermal 
fin-rays and their basal radial supports, which is generally some 
form of a hinge-joint, are such as to limit the motion of the rays 
to simple elevation or depression in the vertical plane, and no 
lateral motion of the fin is possible. But in the Syngnathidae, 
as in the Pipe-Fish (Siphonostoma typlile\ there is an excep- 
tionally mobile articulation between the dermal fin-rays and 
the distal radial nodules which their cleft bases embrace and the 
bony proximal or basal radials, so that the fin can be flexed or 
bent to the right or to the left. In addition to this, by a 
change in the insertion of their tendons, the muscles correspond- 
ing to the ordinary elevator and depressor muscles of the fin-rays 
in other Fishes axe capable of producing extensive lateral move- 
ments of the fin, or, by contracting in orderly sequence, of bringing 
about the characteristic undulating motion of the fin. A similar 
mechanism exists in many Plectognathi (e.^. species of BalisteBy 
MonoGanthuB^ Biodon, Tetrodon and OrthagoTiscus^ ^ in connexion 
with both the dorsal and anal fins, but in these Fishes the 
^ Bridge, Joum, Linn, Soc, {Zool,\ xxv, 1896, p. 630. 
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action of the median fins in swimming must be regarded as 
supplementary to that of the tail. 

Swimming is by no means the only form of locomotion in 
vogue amongst Fishes. A few, like the Angler-Fishes {Lo^phius), 
habitually use the pectoral fins for crawling about the sea-bottom. 
The East Indian Goby, PeT%o'phthalm'iis, uses its pectoral fins, 
which are bent at an angle like an elbow-joint, for hopping over 
sandy flats left bare by the retreating tide. The Flying-Fish 
{Exocoetus), when projected from the water by a stroke of its 
powerful tail, expands its large pectoral fins, and, using them 
after the fashion of a parachute, floats through the air for con- 
siderable distances before returning to its natural medium. The 
“Flying Gurnards’" (JDactylojpterus) are also capable of short 
aerial excursions in a similar fashion. Nor is tree-climbing 
beyond the province of a Fish, if credit be given to the assertion 
that the Indian “ Climbing-Perch ” (Analas scandens) uses its 
opercular spmes for ascending trees. Many freshwater Fishes 
are known to migrate across land from one pool or river to 
another, usually during the night. Eels do so by a serpentine 
or wriggling motion of their long bodies, but in others the 
pectoral fins seem to be the principal organs used for the 
purpose, aided, it may be, by a perverted use of the tail. 

Sound-producing Organs. — Contrary to popular belief sound- 
producing or vocal organs are by no means uncommon in Fishes, 
especially in certain families of Teleosts. It is not always easy, 
however, to discriminate between involuntary, abnormal, or acci- 
dental sounds, and those due to the action of special vocal organs. 
There are, moreover, some Fishes which observations have shown 
to utter highly characteristic sounds, although the precise nature 
of the sound-producing mechanism is at present unknown ; while 
other Fishes appear to possess organs which, on anatomical 
grounds, are perhaps vocal in function, although nothing is 
known of the nature of the sounds they emit. Here those 
organs only will be considered which, either with certainty or 
with some degree of probability, may be regarded as vocal struc- 
tures. For most of our knowledge of these interesting structures 
we are indebted to the researches of Sorensen and Dufoss^.^ 

^ Sorensen, Om Lydorganer hos Fis/ke^ Copenhagen, 1884 ; Dufoss4, Ann d 
Sci. ^at. Ser. 5, xix. Art. 5, 1874, and sx. Art 3, 1874. For references to earlier 
papers see Sorensen, op, at. 
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(a) Stridulation . — Stridulation as a method of sound-produc- 
tion has been recorded in many Teleosts, and one of the most 
interesting examples occurs in the singular Indian Siluroid, 
(Oallomystax gagata)} In this Fish (Fig. 205) the first five 
vertebrae are rigidly connected v/ith one another and with the 
skull, mainly through the union of the neural spines of the third, 
fourth, and fifth vertebrae, and their articulation with the supra- 
occipital bone. The united spines together form a high, laterally- 


compressed lamina of bone, the hinder portion of which is 
, , vertically cleft into two thin 

B.f’’ n.s* s' jg ^ plates separated by an in- 

; j j I I terval sufficiently wide to 

I i I receive the first interspinous 

bone of the dorsal fin. The 
f W inner surface of each of the 

' plates is traversed by a 
\ -ist series of about thirty par- 

allel, close-set, vertical ridges, 
while the first interspinous 

Fig. 205.-StndTilating apparatus of <m>- jg giu^larly ridged on 

bone, the lower part of which forms the both. itS fclC6S llko a (loublG 

double ffle aud flte into the iutervid betw^n gj Lastly, it may be men- 
the cleft neural spines ns* and ns ^ ; ts-, is®, ^ J ’ ^ J aaxoix 




Lastly, it may be men- 


second and third interspinous bones ; tis®, tioned that Owing tO the 

^dm“vStebZ““f intervertebral 

of the dorsal fin ; so, supra-occipitai. (After ligament between them the 

fifth and sixth vertebral 
centra are articulated by a joint of unusual mobility. The 
action of the mechanism is simple. By the vertical movements 
of the sixth and succeeding trunk vertebrae, with the inter- 
spinous bones which they support, on the rigid structure formed 
by the head and first five vertebrae, the file-like first interspinous 
bone moves backwards and forwards, and, by scraping against 
the ridges on the inner surfaces of the cleft neural spines, gives 
rise to a ‘harsh grating noise, which is particularly unpleasant 
when artificially produced. The lateral movements of the trunk 
in ordinary locomotion do not affect the mechanism : it is only 
when the trunk is alternately flexed and extended in the vertical 
plane that the mechanism comes into play and a noise is pro- 

1 Haddon, Jowm. Anat, amd Phys, xv. 1881, p. 322 ; Bridge and Haddon, Phil, 
Trans. 184, 1893, p. 168. 
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duced. In the Bull-head (Coitus scorjpius') the preoperculum is 
modified for stridulation, and in Dactylo'pterus the hyomandibular 
bone 5 in other Fishes, as in some Siluroids (e g, species of Boms), 
stridulation takes place between a basal process from the great 
spine of the pectoral fin and the waU of a socket in the cleithrum 
into which the process is received, or between the small first 
spine of the dorsal fin and a roof-like process at the upper ex- 
tremity of the first interspinous bone , also, in a somewhat similar 
fashion in the anterior dorsal fin of such widely different Fishes 
as certain Trigger-Fishes (Sclerodermi) pertaining to the genera 
BcdisUs, Monacanthus, and Triacanthus, Acantliurus chirurgus 
(Acanthuridae), the Boar-Fish (Gajpros ajper), Gentriscus scolopax 
(Centriscidae), and the Three -spined Stickleback (Gastrosteus 
aculeatus) ; and even between the spinose ray of the pelvic fin 
and the basipterygium in Triacanthus, Gapros, and Gastrosteus, 

In the Drumming ” Trigger-Fish (Balistes aculeatus),^ which 
frequents the coral-reefs off the Island of Mauritius, stridulation 
takes place between the postclavicles and a longitudinally grooved 
area on the inner surface of each cleithrum. Both the cleithra 
and postclavicles are in intimate relation with the air-bladder, 
and the sound produced by friction is apparently strengthened 
by the transference of the vibrations to the walls and gaseous 
contents of that organ The passage of the sound -vibrations 
to the surrounding medium is facilitated by the fact that for a 
portion of their extent the lateral walls of the air-bladder are 
in contact with the superficial skin, which visibly shares in 
the vibratory movement of the bladder when the characteristic 
drumming sounds of Bahstes are being emitted. 

Stridulating sounds may also be produced by the friction of 
the upper and lower pharyngeal teeth, as in a species of Mackerel 
(Scomber Irachyurus). By the grating of its teeth the Sun-Fish 
(Orthagoriscus mola) is said to emit sounds similar to those pro- 
duced by the grinding of the teeth in Pigs and Euminants , and 
Moseley ^ has remarked of a species of Balistes that the “ living 
Fish when held in the hand makes a curious metallic clicking 
noise by grating its teeth.” 

(1) Breathing sounds -—Characteristic breathing or murmur- 
ing sounds, or "bruits de souffie” as Dufoss4 terms them, are 

^ Mobms, 8%tz. d BerUn Akad. d, W%ss, 1889, p. 999. 

3 Notes ly a Naturalist on E,M,8, “ Challenger,'" Loudon, 1879, p. 51. 
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produced by a few Teleosts, among which may be mentioned the 
Eels, certain Cyprinidae, as, for example, the Carp {Cyprimis 
several species of Loaches (e.g. Misgur7ms fossiUs and OoUtU 
tae'ni'icC), and the European Siluroid, SilioTus glcinls. According 
to Dufoss4 these sounds originate in some cases from the expul- 
sion of gas from the air-bladder through the ductus pneumaticus 
and mouth, and in others, as in Misgw'nusfossilis^ they are pro- 
duced by the rapid ejection through the anus of bubbles of air 
previously taken in at the mouth. 

(c) Sounds jpToduoed tliTOugh the agency of muscles conuected 
with the air-iladdeT, — In addition to its usual function as a 



A B 


Fig, 206. — ^The air-bladder and elastic-spring-mechanisni in Ai-fchempterus nodos^is. A, 
Cavity of the bladder exposed by the removal of its ventral wall ; «. c, anterior 
chamber; cZ, clavicle; c,tr, crescentic process of the tripus; l.c^ lelt lateral 
chamber ; l,s^ longitudinal septum separating the two lateral chambers ; oes^ 
oesophagus ; pectoral spine ; t.,% the narrow transverse septum which paitially 
separates the anterior from the two lateral chambers. B, Ventral view of the 
anterior vertebrae, to show the elastic springs : es, the oval bony plates m which the 
elastic springs terminate ; first rib ; transverse process of the filth vertebra ; 
first vertebral centrum ; cl, oes, and^^s, as in A. (From Bridge and Haddon.) 

hydrostatic organ or '' float ” the air-bladder is often modified in 
various ways in different Teleosts, and adapted for use as a sound- 
producing organ. 

In the South American Siluroid, Auohenijpterus nodosus, the 
transverse processes of the fourth vertebra are bent downwards 
and backwards, and at the same time become converted into 
flexible and highly elastic springs (Fig. 206, B). Their distal 
extremities expand into oval bony plates which are imbedded in 
the anterior wall of the air-bladder, and often cause the latter 
to bulge inwards (Fig. 206, A). From the occipital region of 
the skull arise two powerful muscles which pass backwards to 
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their insertion into the anterior faces of the two springs. By 
the contraction of these muscles the springs, and consequently 
also the front w'all of the bladder, are drawn forwards; but 
directly the muscles relax, the elasticity of the springs causes 
them to move backwards to their former position, carrying with 
them the wall of the air-bladder. Hence it follows that the 
rapid alternating contraction and relaxation of the muscles will 
impart a vibratory movement to the anterior wall of the bladder 
and to the gaseous contents of that organ, with the result that a 
sound is produced. As a rule, those Bishes in which an elastic- 
spring-mechanism is present have the air-bladder subdivided by 
internal septa into a series of chambers freely communicating 
with one another ; and no doubt the intensity of the sound is 
greatly increased by the vibratory movements of the gases across 
the free edges of the septa, and from one chamber to another. The 
elastic-spring type of vocal organ is apparently restricted to the 
Siluridae,^ and besides occurring in Aicchenijpterus is found also 
in the South American genera Doras, Oxydoras, Elnnodoras, and 
Euanemus ; in the African genera Synodontis and Malojptemrus ; 
and in at least four species of the Indian genus Pangcmus? 
There are also a few Teleosts in which the air-bladder is provided 
with special muscles, but, instead of being connected with elastic 
springs, the muscles extend from the skull, and are inserted 
directly into the waU of the bladder (Fig. 207) ; or, without bemg 
in any way attached to the skeleton, the muscles simply invest 
some portion of the surface of the air-bladder In other Fishes 
the air-bladder, without possessing special muscles of its own, 
may, nevertheless, be partially invested by tendinous, or partly 
muscular and partly tendinous, extensions from the muscles of 
the body-wall (Fig. 208), or may be intimately related to certain 
muscles connected with the pectoral girdle. Whatever the 
precise relation of the air-bladder to its muscles it is probable 
that the physiological effect is in most cases the same. By the 
rapid alternating contraction and relaxation of the muscles, some 
part of the wall of the bladder becomes alternately compressed 

^ The elastic -spring -mechanism has been described by several vriters, ■vvho 
had assigned to it various functions, but Sorensen (op cit pp. 85-91) was the 
first to discover its vocal function by observations and experiments on Doras 
mamlatus. 

The mechanism is apparently absent in one species of Fa%gasius (P micronorm). 
Bridge and Haddon, op. ciU p 220. 



360 


FISHES 


CHAP. 


and relaxed in such a way as to initiate a series of vibratory 
movements in the gases of that organ, and so produce definite 
sounds. In not a few of the Fishes the cavity of the bladder 
is subdivided by external constrictions or by internal septa, or 
is complicated by the development of lateral, tubular, caecal 
branches ; and hence the vibratory movements of the gases will be 
greatly strengthened by their passage across the edges of the 
septa, or the apertures of the caeca, and the intensity of the 



Fig. 207. — ^Ventral vie'w of the air-bladder and 
its extrinsic muscle in Platy stoma. a.l, 
Air-bladder ; left antero-lateral caecum 

of the bladder ; h.o, basioccipital ; body- 
wall in contact with the lateral wall of the 
bladder ; centrum of the first vertebra ; 
di clavicle ; ductus pneumaticus ; 

and extrinsic muscles of the bladder ; 
joti) post-temporal. (From Bridge and 
Haddon.) 


1 . 1 . -- 



Fig. 208. — Air-bladder and its 
muscles in Micropogon vn- 
dvlatus. a.h, Air - bladder ; 
^.5, right lateral caecum , 
??i, musculo-tendinous ex- 
tensions from the muscles of 
the body- wall, which partially 
invest the surface of the air- 
bladder. (From Sorensen. ) 


resultant sounds also increased. It will be readily understood 
that the nature and quality of the sounds emitted by different 
Fishes will necessarily vary with the shape of the air-bladder, 
the number and arrangement of the internal septa and the caeca, 
and the strength and disposition of the contracting muscles. 
In a few Teleosts (Triglidae and Zeidae) sounds are said to be 
produced by the rapid vibration of an annular, or centrally-per- 
forated, muscular diaphragm, which stretches across the cavity of 
the air-bladder,^ Nevertheless, it must be strongly emphasised 
that, "^hile in some Wishes the air-bladder and its muscles 

1 Moreau, Compt. M&ndus, lis. 1864, p. 436 ; Ann. d. Bd. Nat. (6) iv. 1876, 

p. 66. 
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undoubtedly constitute a vocal organ, there are roany others 
in which the bladder can only be inferred to be sound-producing 
from its general agreement in anatomical structure with the 
same organ in Fishes where its vocal function has been clearly 
proved. 

By one or other of these various methods the air-bladder is 
either known to be sound-producing, or is believed with good 
reason to be such, in the following Teleosts,^ and many others : — 
Certain species of the South-American genera of Siluridae, 
Fimelodus, Sorubim, Flaty stoma, Firahnga, CentromocJilus, and 
TraclielyQ^terus\ species of the South-American family Chara- 
cinidae ; AmUyojpsis sjpelaea, the blind Fish from the Mammoth 
Cave of Kentucky (Amblyopsidae) ; among the Syngnathidae, 
the short-snouted Sea-Horse {E'ijpjyocam;p%s Irevirostris) of the 
British Coasts ; certain Selerodermi, such as the Trigger-Fishes, 
Batistes vetula, Triacantlms bremrostris, T hiaculeatus, and 
Monacantlms fardalis, and also some Coffer Fishes ” (e g, 
■species of Ostraeion) , some Gymnodontes (species of Biodon and 
Tetrodon) , a few Serranidae {e g. species of Therajpon and 
Fristi^oma) ; species of Eolacantlius (Chaetodontidae) and in 
Eolocentrum sogJio (Berycidae) ; such Sciaenidae as the Drum 
(Fogonias cKrom%s), the Maigre (Sciaena aquila), which has 
sometimes been taken in British waters, Umbnna cirrhosa, 
Otolithus regahs, and Micropogon undulatus, and, with more or 
less probability, many other species of the same family , one 
species of Zeidae, the John Dory {Zeus faber)\ Batroehm tau 
among the Batrachidae ; several species of Gurnards (Triglidae) 
belonging to the genera Fmonotus and Trigla] the so-called 
Flying Gurnard, Dactylopterm volitans (Dactylopteridae) , the 
Indian species Ophioceplialus marulius and 0, gachua (Ophio- 
cephalidae) ; amongst the Gadidae, the Cod {Gadus morrhua) 
and the Haddock {G, aeglefinus) ; in such Zoarcidae as the blind 
Fish {Lucifuga subterranea) from the subterranean waters of 
the caves of Cuba, and also in some Ophidiidae {e,g. species of 
Ophidium). 

In Fishes other than Teleosts, instances of normal sound- 
production by special vocal structures are rare. Ho recorded 
instances are known in the Cyclostomes or the Elasmobranchs,^ 

^ Sdrensen, Lydorgmier, p. 82, et. seq. 

2 Of. Mettenheimer, Arch, /. A%a,t u. Fhysiol. 1858, p. 302. 
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but th6r6 is evidouc© that sounds are emittod by JPolypto us 
among the Crossopterygii, and by the Dipnoids JSfeocei'atodus} 
PTOtoptcTus, and LepidosiTen, although it is not ceitainly known 
how they are produced, or that they may not be the accidental 
concomitants of the inspiratory or expiratory action of the lungs 
in breathing. 

As to the nature of the sounds produced by the air-bladder 
and its muscles in different Teleosts, a few examples may be 
given. 

The sound produced by the elastic -spring -apparatus of a 
recently caught Sotos Tfiaculotus, has been described as a “ deep 
growling tone,” which may be distinctly heard at a distance of 
100 feet when the Fish is out of the water. Under like condi- 
tions the air-bladder and its muscles, in a species of Platystoyna, 
emit a similar sound. On the other hand, the sound produced 
by the elastic springs of the Electric Siluroid {Mcdoptcruriis 
electncus) has been compared to the hissing of a cat. The Sea- 
Horse {Hippocampus hrewostris) utters a monotonous sound 
analogous to that of a tambour, which is characteristic of both 
sexes, but is more intense and frequent in the breeding season. 
The “ Coffer Fish ” (Ostracion trigonus) emits a growling sound, 
as also does the Grlobe Fish ” {Tetrodon honckenii) when taken 
out of the water.^ The air-bladder and its muscles in the 

Drum ” (Pogonias chromis), constitute the most powerful 
sound-producing organ yet found in any Fish. The sounds 
emitted by the Drum ” are better expressed by the word 
drumming than by any other, and have frequently been heard by 
persons in vessels lying at anchor on the coasts of the United 
States, where these Fishes abound.® The "'Drum” begins its 
drumming noise in the spawning season in April, but is rarely 
heard afterwards. The " Maigre ” {Sciaena aguila), whose musical 
performances aue perhaps responsible for the Homeric fable of the 
song of the Sirens, is remarkable among Fishes for the variety 
of its sounds, which have been compared to bellowing, purring, 
buzzing, and whistling.^ The sound is often so intense that it 
may be heard when the Fish is at a depth of 18 metres, and the 

^ Gunther, Phil, Trans. 161, 1871, p. 642. 

2 Pappe, Synopsis of the JSdible Fishes at the Cape of Good JBTope, Capetown, 

1853, p. 8. x' X » 

® Gunther, Study of Fishes, Edinburgh, 1880, p. 427. 

^ Day, Fishes of Great Britain and Irelomd, London, i. 1880-1884, p. 151. 
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ear of the observer two metres above the water , and it has been 
recorded that hj listening for these sounds, shoals of Maigres have 
been successfully netted. They rarely emit sounds when isolated , 
but in shoals, during the breeding season, they do not cease to 
make sounds with a vigour and a persistency which apparently 
must soon wear out their strength. One of the Indian Horse- 
Mackerels {Caranx hijppos) grunts like a young Pig when captured, 
and the sound is repeated whenever it is mooted, as long as vitality 
remains. A West Indian species of the same family {Argyriosus 
vomer) has been observed to produce a like sound, while an 
Egyptian Garanx {C. rhonchus) is known to the Arabs as the 
“ Chakoura or “ Snorter.” ^ The sounds produced by the 
different British Gurnards, such as the Grey Gurnard {Trigla 
gurnardus), the Piper {T lyra), the Elleck or Cuckoo Gurnard 
{1\ cucuIilb), and the Tub-Eish (T hirundo), have been compared 
to snoring, a sonorous and prolonged grunting, crooning (whence, 
perhaps, the term "^crooner,” by which the Grey Gurnard is known 
in Ireland), and croaking. The John Dory {Zeus faber)^ dUm 
utters sounds analogous to those of the Gurnards. Among the 
Dipnoi Lejpidosiren is said to make a growling sound, and Neo- 
ceratodus a grunting noise which may be heard at night for 
some distance. 

Whatever the nature of the vocal mechanism, it is highly 
probable that the sounds produced by Pishes travel to considerable 
distances in the water, inasmuch as the latter medium is a far 
better conductor of sound than air, and, moreover, the transmission 
of sound-vibrations from the air-bladder to the water is facilitated 
in many Pishes by the fact that, for a portion of its extent on 
each side the bladder is in direct contact with the superficial skin 
behind the pectoral girdle. 

Prom the by no means exhaustive list of examples given above, 
it is obvious that in some form or other vocal organs are present 
in a considerable number of Pishes, both freshwater and marine, 
belonging to widely different groups ; and further, that even in the 
same species (e.g Doras maxulatus and other Siluridae), both 
stndulation and the action of extrinsic muscles on the air-bladder 
may be utilised as a means of sound-production. Certain 
Teleostean families like the Siluridae, the Sciaenidae, and the 
Triglidae, seem to be distinguished above all others by the pre- 
^ Sorensen, oj?. at. Moreau, oj5. at. 
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valence of some form of vocal organ. According to Sorensen, the 
first mentioned of the three families includes no less than 68 
species, which utilise the air-bladder alone as a sound-producing 
organ. Nevertheless, there still remain many Teleostean families, 
rich in genera and species, and with an almost world-wide 
geographical distribution, in which such organs have not yet 
been found. 

The advantages which Fishes derive from the possession of 
sound-producing organs are sufficiently obvious. 

A characteristic feature in the reproduction of most Fishes is 
the general absence of any process of conjugation between the sexes, 
the eggs being fertilised in the water after their extrusion from 
the body of the female, and, consequently, any device which will 
facilitate the formation of shoals during the breeding season must 
be of great advantage to the species by largely increasing the 
chances that the ova will be fertilised, and thus secure the more 
successful propagation of the race. Hence it may be concluded 
that the vocal organs of Fishes are a means to this end, and that 
the sounds they produce are in fact recognition -sounds which 
enable Fishes of the same species to congregate together at 
periods when reproductive activity is greatest. This view is 
in harmony with much that is known of the habits of these 
Fishes, especially with the fact that particular sounds are often 
characteristic of particular species, and that the sounds are pro- 
duced most frequently and with greater intensity during the 
breeding season than at any other time. While useful to all 
Fishes that possess them, vocal organs are, no doubt, specially 
serviceable to those Fishes which, from the nature of their habitat, 
can make but little use of their eyes ; and this fact may perhaps 
explain the prevalence of such organs in the Siluridae, which 
are frequently bottom- or ground-feeding Fishes, and often live in 
muddy waters. 

The sounds emitted by Fishes may also, in some instances at 
least, be warning sounds. Many of the sound-producing Fishes 
are provided with exceptionally strong spines either in connexion 
with the median and paired fins, as in many Siluridae, or on the 
general surface of the body, as in Diodon hystrix. Such spines 
are very effective weapons for offensive or defensive purposes, 
and are capable of inflicting very severe wounds. The natural 
enemies of these Fishes learn by experience or instinct to 
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associate particular sounds with the possession of dangerous 
spines, and warned hj the sounds, they refrain from attacking 
the owner of the spines, to the mutual advantage of both. 
Electric Organs. 

— Electric organs ^ ^ 

capable of generate ^ 
ing more or less 
powerful electric 
discharges are pre** / 
sent in certain / 

Fishes, both marine / 
and freshwater. 

They occur in a 
few Elasmobranchs 
(species of Haia, \ 

Torjpedo, and \ 

IIy;pnos)j in such \ 

Teleosts as the 
African Silurid \ \ I ' 

Malo^teruruSj the i \ \ 1 / uu 

“Electric Eel” I l\ '\ \ i' S 

(OymnotuB), and in H \ \ i W 

species of Mormy- \H4\ V’ 

ridae (e.g. Mot- 

myrus). With one _ 

exception electric 



posed of metamor- 

phosed mus- 209. — ^An Electric Kay {Tor;pedo) dissected to show its 

, , electric organs. On the left the nerves supplying the 

CUiar nDres, and organ are dissected out The prismatic areas on tlie 

their nerve-endinffS surface of the organ indicate the vertical columns of 
^ electnc plates, of which theie may he 500,000 in each 

or motor end- organ. The dorsal surface of the hram is exposed. 5r, 

plates. The species spnacle , o, eye; oe, electnc organs , mucus 

^ canals ; tr, tri-geminal nerve , tr , its electnc branch ; 

of JtidICL have two r, vagus; /, fore-hram ; 77, mid-hram , 777, cerebellum ; 
small electric electnc lobe of the medulla oblongata (From Paiker 

and Haswell, after Gegenbaur ) 

organs, one on each 

side of the terminal portion of the tail.^ In Gymnotus^ the 


1 Ewart, Phil Trans. 179 (b), 1888, pp. 399, 410, and 539 ; 183 (b), 1893, p 389. 

* 2 Ballowitz, Arch. M%kr. Anat. 1 1897, p. 686 ; Carl Sachs, Untersuchungen am 
Zitteraalf Leipzig, 1881. 
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organs aro much larger, and extend the whole length of the tail, 
which is fully four-fifths of the total length of the Fish, The 
Mormyridae also have their feeble electric organs in the caudal 
region. In all these Fishes the electric organs are modified 
portions of the caudal muscles. In the Torpedo, however, these 
organs are two large oval masses, one on each side of the head, 
between the gills and the cephalic prolongation of the pectoral 
fin (Fig. 209). Malo'pterurus'^ is exceptional in possessing an 
electric organ derived from the epidermis and not from the 
muscular system. In this Fish the organ envelops nearly the 
whole body like a mantle, between the skin and the subjacent 
muscles of the trunk and tail. An electric organ is composed 
of an immense number of '' electric plates ” (modified motor end- 
plates), abundantly supplied with nerves on one of their surfaces, 
and disposed in a series of vertical (Torpedo) or longitudinal 
(Gymnotiis) columns, separated by septa of connective tissue. 
In the active state of the organ in the Torpedo^ the ventral 
surfaces of the plates, on which the nerves are distributed, become 
negative to the dorsal, and “the effect in all the plates of a 
column when summed up is, therefore, such that the dorsal end 
of a column becomes positive to the ventral end” ^ Hence the 
current in the form of a succession of shocks passes from the 
ventral to the dorsal surface of the head. In Gymnotus, where 
the columns are longitudinally arranged, it is the anterior and 
posterior surfaces which become oppositely electrified, and the 
current passes from the tail to the head. The shock imparted 
by an electric discharge is most powerful in Gymnotus,^ Malo- 
pteruTUB, and Torpedo, in the order named, and relatively weak in 
the remaining genera. The strength of the shock increases with 
the number of electric plates included in the circuit. Thus in 
Gymnotus the maximum shock is given when the body of the 
Fish is so curved that the head and the tail are in contact with 
different points on the surface of some other Fish. The discharge 
may be reflex or voluntary. Eepeated discharges induce fatigue 
and weaken the shocks. Electric organs are powerful offensive 
or defensive structures, enabling the Fish to repel the attacks of 
enemies, or to stun or kill their prey. 

^ Ballowitz, Das JSlectrisdie Organ des Africanischen ZiUsrwtlses, Jena, 1899. 

® Gotcli, PhiU Trans. 178, 1888, p. 487. Id. op. cit. p. 535. ^ Of. p. 680. 



CHAPTEE XIV 


NEEVOTTS SYSTEM AND OEGANS OF SPECIAL SENSE 

The nervous system consists of the brain and the spinal cord, 
and of the cranial and spinal nerves The rudiment of the 
future brain and spinal cord first appears in the embryos of 
some Cyclostomes (e.g. Bdellostoma), of Elasmobranchs, and of 
Chondrostei (e.g. Aeipmser), and of Neoceratodus among the Dipnoi, 
in the form of a tubular medullary canal pinched off from the 
epiblast of the dorsal surface of the body. By a somewhat 
different method, but with the same final result, a medullary 
canal is formed in other Cyclostomes (e.g. Petromijzon), in the 
Holostei and Teleostei, and m Le^idomen} from a solid in- 
growing keel of epiblast which subsequently becomes tubular. 
Later, the medullary canal in the head enlarges, and becomes 
divided by two transverse constrictions mto three vesicles, the 
primary fore-, mid-, and hind-brain, leaving the rest of the canal 
to form the spinal cord. 

The Spinal Cord — This portion of the medullary canal 
retains a simpler and more uniform cylindrical structure. Its 
walls thicken and their component cells become converted into 
nerve cells and nerve fibres, but a remnant of the original 
cavity remains in the adult as a minute axial canal, with a 
ciliated epithelial lining, the central canal of the spinal cord or 
myelocode. In most Fishes the spinal cord extends the whole 
length of the body, but in some Teleosts, especially in certain 
Plectognathi, it is remarkably short. In a Sun-Fish (Orthago- 
riseus), 2^ metres long, and weighing about a ton and a half, the 
cord was only 15 mm. m length, or shorter than the brain. 

The Brain. — At an early stage in its embryonic history the 

1 Graham Kerr, Quart Joum. Mwr. Sa, xlvi. 1902, p 417. 
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Torain consists of three simple vesicles, the fore-, the mid-, and 
the Mnd^lrain, the first of which lies in front of the anterior 
end of the notochord and is therefore pre-chordal in position. 
A s development proceeds the walls of the vesicles undeiii^o local 
thickenings, or they give rise to hollow paired or median out- 
growths, and by one or other of these methods the diilerent parts 
of the 'complex adult brain are evolved, while the original 
cavities of the vesicles or of their outgrowths persist as a con- 
tinuous system of epithelium-lined spaces or “ ventricles. ^ The 
fore-brain is remarkable for the number and iiuportanco of the 
parts to which it gives rise. First, it bulges out in front into a 
hollow vesicle, the frosenoeplialoyij leaving the vest ot the fore- 
brain as thQ[^^(il(i7ricnc6pli(ilon or di67iccphalon)(Vig. 210). The 
cavity of the prosencephalon is the prosocoele, and a })air of 
thickenings in its floor form two basal ganglia or eorpont 
In many Fishes the prosencephalon retains this sinii)le vt^sicular 
condition, in which case the roof or palliiim is usually e])ithelial 
and non-nervous ; but in others two hollow lobes grow out from 
it in front and give rise to two ceredral hemispheres or 
cepheda? Both contain extensions of the prosocoele, the 
coeles or lateral ventricles, from the floor of which the corpora 
striata now project. The prolongation of the pallium forming 
the roof of the lateral ventricles either remains partially epi- 
thelial, or it may acquire a wholly nervous structure and 
thicken to an extent which differs greatly in different Fishes. 
With the formation of the hemispheres the prosencephalon 
and its prosocoele become of secondary importance, and may 
cease to be recognisable as distinct from the thalamencephaloii^ 
and its ventricle. The lateral ventricles then appear to com- 
municate directly with the third ventricle by two apertures, the 
foramina of Manro, The forward growth of the brain is com- 
pleted by the development of two hollow lobes, the olfactory lohes 
or rhinencephala, each of which contains a ventricle or rhimcoele 
communicating behind with the prosocoele, or, if hemispheres 
are presents with the corresponding lateral ventricle. Scarcely 

^ For the nomenclature of the brain and its cavities see T. J. Parker, Mture, 
XXXV. 1886, p 208 ; and Parker and Haswell, TexUBook of Zoology, London, 1897, 
li. p. 94. 

^ It is possible that the prosencephalon is merely the bulging anterior part of 
the thalamencephalon ; if this he so the hemispheres are really paired outgrowths 
from the thalamencephalon. 
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leas complicated, and perhaps even more interesting from a 
morphological standpoint, are the structui^es arising out of the 
thalamencephalon. By thickenings of its lateral walls two large 
ganglia, the optic tlmlami, are formed, and on the inner or dorsal 
aspect of each of these a ganglion habenulae is developed. From 
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Fig. 210 . — Diagram of the general structure of the brain m Craniates. A, vertical 
longitudinal section ; B, dorsal view showing the brain cavities on the right side. 
e, Cerebellum , c.c, central canal of the spinal cord ; c \ cerebral hemispheres ; c 5, 
corpus striatum , F fore-bram , /? 7 i, foramen of Munro ; B.B, hmd-brain , 
infundibulum ; I % lateral ventricle , «i, mesocoele ; M B, mid-bram ; m 0, medulla 
oblongata ; 0 I, olfactory lobe , op optic lobe ; qp t, optic thalamus , para- 
physis ; prosocoele , 'pn 0, pineal organ ; p 0, parietal organ ; _pr, prosen- 
cephalon , pt^ pituitary body ; rhinocoele ; sp c, spmal cord ; sv, saccus vascu- 
losus , thj thalamencephalon ; ni, iv, third and fourth ventricles. (After Parker 
and Haswell ) 


the sides of the thalamencephalon the primary optic 'vesicles are 
derived, which later become transformed into the retinal parts 
of the paired eyes and the optic nerves. Besides the optic 
vesicles there is a second pair of embryonic outgrowths which 
arise from the roof of the thalamencephalon. These outgrowths 
form stalked vesicles and represent a pair of degenerate visual 
VOL. VII 2 B 
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organs. Usually they become so displaced that the left one lies 
in front of the right, and they appear as if median. The subse- 
quent fate of the vesicles differs greatly in dilterent Crauiates. 
Both persist in the Lamprey, the right vesicle to some extent 
retaining its primitive ’ visual function as a i^ayietal eije and 
directly overlying the left on: 'pineal vesicle. In Elasmolmnichs the 
two unite to form a glandular organ, the so-called pineal hodij of 
the adult, and in Teleosts the left vesicle disappears, leaving the 
right as a pineal body.^ There is also an embryonic median 
outgrowth from the roof of the prosencephalon, the parapliysls, 
which soon disappears and whose significance is not known. A 
median hollow downgrowth from the floor of the thalamencephalon 
forms the infundihidum, which becomes attached to a ca}cal 
diverticulum from the roof of the mouth. ’With rare exceptions 
the diverticulum loses all connexion with the mouth, and, as the 
pituitary lody or hypophysis, it appears as an appendage to the 
extremity of the infundibulum. In the Crossoptcrygii the con- 
nexion is retained even in the adult by means of a slender canal 
extending from the pituitary body and opening into the oral 
cavity. Laterally, the base of the infundibulum grows out into 
a pair of rounded lobes, the loli inferiores, and distally into a 
thin-walled glandular sac, the saccus msculosus, which lies just 
behind the pituitary body. The cavity of the thalamencephalon 
persists as the third ventricle or diacoele. The parts of the brain 
developed from the mid-brain and the hind-brain are much less 
complicated, and, except for variations in size, they present a 
fairly uniform character in most Fishes. 

In the mid-brain the roof bulges out into a pair of optic 
hies, and by the growth of lateral thickenings in its floor two 
thick strands of longitudinally disposed nerve fibres, the crura 
cevelri, are formed. The cavity of the mid-brain remains as the 
'inesocoele, and from it an extension may be prolonged into each 
optic lobe. 

From the hind-brain are formed the cerelellum or epen- 
cephalon and the 'medulla ollongata or 'metencepholon, the former 
as a dorsal bulging, the latter as a ventral thickening. Except 
where the cerebellum is developed the dorsal wall remains 
epithelial, and forms the roof of the persistent cavity of the 

^ In Lizards either of the two vesicles may become a parietal eye (Dendy, 
Quart. Jomn. Miar. Sd. slii. 1899, p. 111). 
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hiudliiim, l\\^ fouitli ttntride 01 mctacoelc, ■wliidi retuns its 
pimutiie contmnity with the cential canal of the spinal coul 
Lateral lobe-like outgiowths from the dorsal columns ol tlie 



Fig 211 — Doisal (A) and ventral (B) vievs of the brain of Pettomy on ma7imf<t 
ch]pl 1 Auteiior cboroid plexus forming the roof of the prosencephalon and thalam 
encephalon th pi 2 ai ertuie m the roof ot the mid brain expose 1 by the removal 
of the middle choroi 1 ple\us , ch pi 3, the fourth veutiicle exposed bj the lemoval 
ot the posteiior plexus , cr crura cerebri , cerebellum cih cerebral hemi 
spheres , die7i, thalamencephalon , i7if infundibulum , I gn hi left ganglion 
habenulae , med ohl^ medulla oblongata m 1, olfactory nv 2 optic nv 3, oculo 
motor, 7iv,5, trigeminal, and m 8 auditory ner\es , olfl olfactorj lobes opt ly 
optic lobes, p?i pineal orgm, r gnhh, right ganglion habenulae (Fiom Parker 
and Has well, after Ahlboin ) 

medulla are conspicuous structures in some Fishes, and aie 
known as cor^pora restiformm The paired portions of the brain 
aie connected across the middle line by a senes of transverse 
commissures The more important modifications of the brain in 
Cyclostomes and Fishes will now be briefly dealt with 
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In the Cyclostome Fefromi/zoii there is a small prosencephalon 
Tvith an undivided prosocoele, and on e<ich side of it a small 
cerebral hemisphere which appears as a mere appendai»o to the 
much larger olfactory lobe (Fig. 211). Th6 prosocoele divides 
in front int^J two outwardly directed branches, and of the Wo 
diverticula into which each branch divides one extends as a 

lateral ventricle into the hemisphere 
of its side, and the other as a rhino- 
coele into the corresponding olfactory 
lobe. The ganglia habenidae are 
unusually large, the right one being 
larger than the left. The optic 
lobes are large, but not obviously 
double. So small is the cerebellum 
that it seems to be little more than 
a narrow transverse band crossing 
the fore-part of the fourth ventricle. 
The roof of the brain is largely 
epithelial, especially in the prosen- 
cephalon, the thalainenccphalon, and 
Fig. 212.— Dorsal view of fhe brain the hind-brain. Over these epi- 
thelial areas the pia mater is un- 
usually vascular and forms a series 
of choroid plexuses.” The ventri- 
vpj, optic lobes; p'losen- cular system is complete and con- 

cephalon ; s, Sy dorsal roots of ^ _ .1 

spinal nerves ; ip.c, spinal cord ; tinUOUS. P>y contrast With the 

thy thaiamencepha^n. (From Lamprey the brail! of Ifyxine ^ is 

very primitive, more so perhaps 
than in any other Craniate (Fig. 212). In a dorsal view the 
brain is divided into four pairs of laterally expanded and longi- 
tudinally compressed lobes by a median longitudinal fissure and 
three transverse fissures. The two anterior lobes are little more 
than the thickened anterior wall of the thalamencephalon, 
although, judging from their histological structure, they represent a 
very imperfectly differentiated prosencephalon and olfactory lobes. 
The second and largest pair constitute the thalamencephalon. 
The last two pairs of lobes represent a transversely divided pair 
of optic lobes, or corpora quadrigemina.” There is a large 
medulla oblongata with a pair of corpora restiformia, but the 
^ Holm, Morjph. Jahrb. xxis. 1901, p. 366, 


of Myxuie, Corpora resti- 
forniia ; m. 0 y medulla oblongata ; 
n.py naso- pituitary canal; olo, 
olfactory organ enclosed in its 
fenestrated cartilaginous capsule ; 
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cerebellum is entirely absent The ventrides are sulgect to 
some individual variation. Third and fourth ventricles are 
generally recognisable, either as isolated cavities or connected 
])y a remnant of the mesocoele. In the feeble development of 
the prosencephalon, in the striking preponderance of the niid-brain 



Fig. 213. — The brain of a Dog-Fish {Sei/llium canicula). A, dorsal view , B, ventral 
view The choroid plexuses covering the roof of the thud and fourth ventricles 
have been removed b o, Olfactory lobe , ep, oiigm of the stalk of the pineal body , 
f.b (m A), prosencephalon ; fb (in Bl, cerebral hemispheres , fr, fourth ventricle , 
h b, cerebellum ; h.p, pituitary body , »./, lobi infenoies , m b, optic lobes ; w.d, 
medulla oblongata , sc, saccus va&culosiis , thalamencephalon , £ o (i) olfactoiy 
peduncle ; i -x cianial nerves ^From Wiedeisheim ) 

over the rest of the brain, and in the absence of a cerebellum, 
Myooin& is unique amongst Craniates. 

In Elasmobranchs among Fishes the brain attains a much 
higher grade of structure. In Scyllium (Fig. 213) there is 
a large prosencephalon, and directly in front of it a pair of 
imperfectly differentiated cerebral hemispheres, while from its 
antero-lateral regions the large olfactory lobes arise The proso- 
coele divides in front into four diverticula, of which the two 




374 


FISHES 


CH\P. 



inner ones extend into the hemispheres as lateral ventricles, 
and the two outer as rhinocoeles into the olfactory lobes (Fig. 
214). In connexion with the infundibulum there is a pair of 
Sdcci vasculosi, consisting mainly of gland-tubules, opening into 
the infundibular cavity.^ The cerebellum is exceptionally large, 

but it does not form a “ valvula cere- 
g / \ ^ belli.” Large ear- like corpora resti- 

m formia are present. The third and 

, i ^J^parcb fourth ventricles alone retain an epi- 
\ / thelial roof in relation with choroid 

pIex^^ses. 

diet In all essentials the brain of the 

Holocephali is a repetition of the 
Elasmobranch type, more especially of 
the elongated form seen in Notidanus, 
Indications of a higher grade of struc- 
ture are, however, to be seen in the 
reduction of the prosencephalon which, 
with its prosocoele, is now scarcely 
distinguishable from the thalainen- 

Fin. 2i4.lH»rizontd longitn- cephalon and its ^ entricle ; and in the 
amaisectwnof brainof cv??7o- more complete differentiation of the 
cerebral hemispheres from one another 
and from the rest of the brain. Large 
frilled corpora restiformia arc con- 
spicuous structures on each side of the 
medulla oblongata. Besides the usual 
intoa-cranial pituitary body, there is 
also a separate extra-cranial portion 
lodged in a pit on the ventral surface of the Isasis cranii : in the 
embryo the two are continuous. 

In the Teleostomi the brain is distinctly of a more primitive 
type than in any other Fishes (Fig. 215).^ The most striking 
feature is the absence of cerebral hemispheres, the evolution of 
the primary fore-brain proceeding no farther than the formation 
of an undivided prosencephalon with a non-nervous roof, and 
a prosocoele which forms a continuous cavity with the third 
ventricle, or at the most is only separated from it hy an infolding 

' The sacoi probably secrete the fluid contents of the ventricles. 

Haller, Morph. Jahrh. xxvi. 1898, p. 345, 
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t>(}jlli\nn, to show the ventri- 
cles ; senn -diagrammatic, cer^ 
Origin of ceiebellar ventricle 
or epicoele ; thaj third ven- 
tricle ; %ter, mesocoele ; meta, 
fourth ventricle ; opt, o})to- 
coele, or cavity of an optic 
lobe ; para, lateral ventricles ; 
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of the epithelial roof or velum transversuin. Amongst other 
diagnostic characters may be mentioned the predominance of the 



mid-brain over the other divisions, the anterior extension of 
the large cerebellum into the mesocoele as a “ valvula cerebelli,” 
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and the absence of corpora restiformia. This typo of biam is 
most strongly marked in the Teleostei. but in other Teleo- 
stomes some, like Aci^’ienser} are typically Teloostean in this 
respect (Fig. 216), while others, such as Lqndosteus, have 
small cerebral hemispheres with lateral ventricles as well as a 
prosencephalon. 

The most obvious feature in the brain of the Dipnoi is the 
great development of the cerebral hemispheres. In iliis respect 
these Fishes approach the Amphibia, but in other features of brain- 

pno 



Fia. 216. — Veitical longitudinal section of tlie brain ot a Sturgeon (Atqmxae) ruthemis) 
Posterior commissure ; cr, cranial roof, me, mebocoele , op (h, optic chiasma ; 
p.eh.'p, postenoi choroid plexus ; v c, valvula cerehelli ; v t, velum traiisversum ; 
'o lu, i;.iv., the third and fourth ventiicles ; other letteimg as in Fig, 210. (From 
Goronowitsch.) 

structure they present points of agreement with most other 
groups of Fishes without being closely related to any one of them. 
In Pvoto'pterns^ (Fig. 217) the hemispheres are quite distinct 
except behind, and the walls of their spacious lateral ventricles 
are entirely nervous. Olfactory lobes are sessile on their anterior 
extremities, and behind and below they enlarge into ventral lobes 
which probably represent the liippocampal lobes of the higher 
Vertebrates. A vesicular pineal body at the end of a slender 
stalk overlies a singular conical projection from the roof of the 
thalamencephalon or '‘pineal pillow.” The optic lobes form a 
single oval body, and, as in Petromyzon and the Amphibia, the 
^ Goronowitsch, Maxph, Jalirh. xiii. 1888, p. 427. 

^ Burokhaidt, Das Cent7al-Nervens}jstem v* Protoptemis a/fincctens„ Berlin, 
1892. 
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cerebellum is xeij small. A posteiior choioid plexus co’seis 
the roof of the fouiih ventiicle, and an anterior plexus in con- 
nexion with the roof of the thalamencephalon projects downwards 



Fig 217 — Dorsal (A), \eiitral (B), and lateral (C) \iews of the brain of P/otopt&ms 
anneUens C, Oeiebellum , C H, cerebral hemisphere , JJ S branches of the 
sinus endolymphaticus , /??, infundibulum, LI, lobi infeiioies ; MO, medulla 
oblongata , O.L, olfactory lobe ; Ojp L, optic lobe , P, pituitary body ; P B, “ pineal 
pillow” , S E, sinus endolymphaticus ; Sp c, spinal cord ; S2> n, spinal neive ; Vel, 
velum trill sversum ; Z, pine il body ; IV V , fourth ventricle , u , in , i\ , v,, vi , -vii , 
\iii 1, viii 2, viu 3.4, ix., and , roots of tlie cranial nerves, (From Buickhardt ) 


into the third ventricle, and is also prolonged forwards into each 
lateral ventricle. In Neoceratodus^ the brain is certainly more 
primitive and distinctly less Amphibian. As compared with 
Frotopterus the olfactory lobes and the cerebellum are larger, and 
the optic lobes are paired. The smaller hemispheres are non- 

1 Sanders, Ann, Nat. Hist (6) lu 1889, p. 157. 
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nervous dorsally and medianly, tlie roof and inner wall of each 
being formed by an extension of the thick, glandular choroid 
plexus which forms the roof of the thalainencephalon. 

The Spinal Nerves. — The spinal nerves of Cyclostomes (e.g. 
Petroimjzon) consist of a series of dorsal nerves arising on each 
side from the dorsal surface of the sxnnal cord, and of a sirrrilar 
double series arising from the ventral surface, the dorsal nerves 
regularly alternating with the ventral nerves. Each myotome is 
supplied by a dorsal and a ventral nerve which pass separately to 
their x)eripheral distribution in the skin and muscles. In Eishes, 
as in the higher Vertebrates, each dorsal nerve, now termed a 
dorsal root, enlarges into a ganglion and then unites, either before 
or directly after issuing from the neural canal, with the next 
ventral nerve or ventral root in front to form a main spinal 
nerve. At the same time the spinal nerves of opposite sides 
tend to form pairs in the same transverse plane. After the 
union of the two roots the spinal nerve divides into three typical 
branches : a dorsal nerve (ramus dorsalis), and a ventral nerve 
(ramus ventralis), both of which include somatic sensory or 
afferent fibres, and somatic motor or efferent fibres, for the 
innervation of the skin and muscles of the dorsal and lateral 
portions of a myotome ; and a viscei'al branch (ramus visceralis), 
composed of afferent and efferent visceral fibres, which supplies 
the adjacent viscera (alimentary canal and its glands and blood- 
vessels), and helps to form the sympathetic nervous system.^ The 
somatic afferent and the visceral afferent fibres enter the spinal 
cord by the dorsal roots, the somatic efferent leaving the cord 
through the ventral roots, although the visceral efferent fibres 
traverse both roots. In the region of the paired fins moie or fewer 
of the rami ventrales unite to form a plexus, the brachial or the 
pelvic plexus, from which the nerves to the fins take their 
origin. 

The Cranial Nerves. — It is usual to describe the cranial 
nerves of Cyclostomes and Fishes as consisting of ten serially 
disposed pairs, viz. : the olfactory (i.), optic (ii.), oculomotor (iii ), 
trochlear (iv.), trigeminal (v.), alclucens (vi.), facial (vii.), auditooij 
(viii.), glossopliaryngerd (ix.), and the vagus (x.) Like the spinal 
nerves, the cranial nerves collectively include somatic sensory 
(general cutaneous) and motor fibres, and also visceral sensory 
^ See Gaskell’s important paper, Journ. Physiol vii. 1886, p. 1. 



CRAN1\I NFR\rS 


379 


aud niotoi hbics dll ot \^lllch Ime then own si)tci d ccntits in 
the hi am, hut the piopoitions of these nei\e components difki 
gieatly m diffeient neives Ceitain pieoial nci\es (in , i\ , and 
m) die exclusively somatic motoi , otlieis (i ind ii) aie special 
sensoiy neives for the olfactoiy and visual organs, hut most of 
the other cranial neives include seveial components, and aie 
theieloie “mixed” neives Besides these components some 
ciamal nerves include also a (][uasi-independent system of nerve- 
fihies, which conveige fiom ceitain cutaneous sense-oigans to an 
indexiendent centie in the medulla ohlongati, the tulei acusticum} 
and IS piohahly deiived fiom the geneial cutaneous sjstem of 
neive components Such neive fibies, including also the auditoiy 
neive which has its oiigin fiom the same cenlie constitute the 
lateuths system Perhaps the most stiiking fectuio in the post- 
oial cranial neives is the piedominance of the visceialis oi 
sympathetic s}stem o\er the somatic Omitting the lateialis 
hbies and a relatively lew somatic sensoiy fihies, visceial fibres, 
sensoiy and motoi, aie the principal components of all these 
neives, including V hut excluding viii The leason foi this is 
to be found in the fact that splanchnic oi vi=ceial mu'^cles in 
1 elation with the jaws and hianchixl aiches have usuiped the 
place of somatic muscles in the muscular system of the head 
Pui developmental and othei leasons the ollactoiy and optic 
neives stand in a categoiy of then own, and the same may he 
said of the thud, fouith, and sixth neives, which innei^ate the 
muscles of the eyeball The remaming neives, all of which 
have then oiigm in the medulla oblongata, possess ceitain 
teatuies in common, and as they are lelated to the gill-clefts in 
such a vvaj^ that each folks over a cleft, they may he conveniently 
distinguished as “ h am li%al ” oi ‘ 'branch bomti lu Qien es ” A t} pical 
hianchial neive consists of (1) a ])i%nc%jpal ganglion neai the 
oiigin of the neive fiom the brain, (2) a ma^n tQ'nnh which 
gives off (3) a somatic sensoiy branch oi doisal neme to the 
skin, (4) a palatine nme (visceial sensoi}) to the oral oi 
phaijngeal mucous membrane, (5) an cp%h amhial ganghon 
which IS associated v\ith a tiansitoiy embryonic ep'ibranclnal 
btiisoiy o'igan at the doisal bolder of a hianchial cleft, (6) i 

^ Herncl., Journ j\eur i\ p 153 Cole, Tians Toy Soc JEclint 
1S^6, p 631 Id Tmns Linn Sol mi 1898 p 116, to which an excellent 
bihliogiaph} IS appended 
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oplithaluiieus superficially of mi ; a ui, auilitorj iiei ve. liothtj — The fa* 1 ills piujiti. uu liuliiu c /, choul 1 1 \ in}, uii , v* '/, -* iii* nl dt s uijlmu 
hy^ li^ouniitlibttlari>, with its motor braialies //i, /a, m , pa mi, pilatnie. JhnJ »//»*/ — Hit i^lo—oph irMij* il (I'f, with its ]»rt nnl ]»» t 
brauchi il branches auil it*? palatine nti\c, p a i\ : anastoiiiosHi^ ith the i>alatim hi uu h ot \ 11 (J itohson’s in isttiino-i-.j Tt A ft — 'I }u \ tju- 
the branchial nerves, ganjhonated ami iorhing o\tr ihlts 11 v ; t a x, Msmal mrve, o/, o«Mpit«i spnul ntrves , tl 1 ami t /, the (loi*al 
and \ential root^ of the first two spmal iiervea. modified after Wicdcisfitmi ) 
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£)! e-handhud iiti\e (\isceral sensoi}) skiiting the anteiiur 
maigm of a cleft in its 'vential com sc , ind ( 7 ) a anch lal 

hiancli (Msceial motoi) similail}' lelated to the hindei inaigin 
Ihe fust six ciauial nei\es lesemhle those of the highci 
Cianixtcs in then mode of oiigin fiom the hiain, in the ph}sio- 
logical natme of then component fibies, and in then peiipheial 
di&tiibiition and therefoie they need not he speciall} lefeiied to 
heie The piincipal branches of the fifth 01 Uigermncd ner\e 
aie shown in dig 218 Compaiing this nei\e with a topical 
bianchiil nei\e it would seem that the poofundus and svpti- 
fitialib ophtliahmc neives aie dorsal neives , the is and 

mancl ibidm IS, pie- and post-bianchial blanches, respectively, in 
1 elation with the modified gill cleft which foims the mouth, 
while the bianch to the oial suiface lepiesents palatine neive 
The most impoitant of the distinctive features m the cianial 
neives of Iishes aie to be found in the lelations of neives mi,ix, 
and \ to bianchial clefts, and in the lateiahs sjstem of neive 
components and its association with the lateial line sensory 
oigans The seventh or facial neive is an exceptionallj^ inteiest- 
ing neive Besides the usual components of a tjpical branchial 
neive oeitain of its so-called blanches are wholly or largely 
deiived fiom the lateiahs sjstem Toi this leason the nerve 
may be said to consist of two poitions, the facial p'lopm, 01 
those fibres which constitute the lacial neive in aii-bieathing 
Cianiates, and the latc'iahs Imnches which solely mnervate 
lateial line sense-organs, and aie therefore peculiar to aquatic 
foims The facial piopei has a ganghon (the facial o) geni- 
culate ganglion) on its root, and on entering the 01 bit after 
traversing the cranial wall it gives off a palatine nerve Just 
over the spiracle a pre-loranclwl nerve, the representative of the 
chorda tyvipani of Mammals, leaves the mam trunk, and passes 
ventially in relation with the anterior wall of the spiracle to 
its ultimate distribution in the walls of the mouth cavity 
The main trunk, now called the lamm liyomandibnlaris, 
then pursues a ventral course behind the spiracle as a 
post-branchial nerve, and certain of its mainly motor branches 
which pass downwards in connexion with the hyoid arch 
supply the muscles of that arch, and, if an operculum 
is present, the opercular muscles as well The lateralis 
portion of the facial includes the following principal branches, 
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each of which may have a ganglion on its root: (1) an 
opJithahnicus sicj^erjicialis ; (2) a hucca/is nevvc with its rtoavs 
otic ns ; and (3) cxUrml inandilnlnr nerves which course in the 
ramus hyomandihularis. The addition of the great lateralis 
nerve, which is usually described as the Literal lu'aiudi of the 
tenth nerve, and of the eighth or auditori/ nerve which supplies 
the auditory organ, completes the eniiineration of the main 
factors of the lateralis system. The ninth or (jlosso-plnirijiKjeal 
nerve, perhaps the nnost t}"pical of all the braneliial nerves, 
has pre- and post -branchial branches which enclose the hyo- 
branchicil cleft. Its palatine nerve usually extends forwards 
and anastomoses with the corresponding branch of the seventh, 
thus forming a connexion (Jacohson^s anastomosis) between the 
two cianial nerves. In some Elasmobranchs and Tel costs hbres 
derived from the dorsal branch of the ninth nerve innervate a 
few sense-organs of the lateral sensory canal of the head, and 
hence that nerve sometimes contains lateralis fibres. The tenth 
or vccfjus is a compound nerve. Besides tlie great lateralis nerve 
generally associated with it, the vagus includes as many 
typical branchial nerves as there are branchial clefts behind the 
hyo-brancliial cleft, and in Elasmobranchs and in Chiniacra these 
nerves have independent origins from the medulla ol)longata. 
Each nerve has the typical structure, a ganglionated trunk which 
forks over a gill-cleft into the usual pro- and post-1 )ranchial 
branches, and palatine branches to the pharyngeal walls. In 
the Dipnoi the lateralis nerve is connected with the superficial 
ophthalmic branch of the seventh nerve by a commisural nerve 
which curves across the outer face of the auditory capsule. A 
somewhat similar anastomosis is also present in Petromyzon, The 
vagus also includes a large ramus intestinaliSj which in Elasmo- 
branchs, at all events, has a distinct ganglionated root. The 
nerve forms characteristic plexuses on the oesophagus and stomach, 
and in Cyclostomes its branches may extend nearly the whole length 
of the intestine. In Ganoids and Teleosts there is an interesting 

O 

nerve known as the lateralis accessorius!' It is a compound 
nerve, and owes its formation to the union of somatic sensory 
fibres derived in succession from dorsal branches of the v., vii., 
ix., and x. nerves, and also from the corresponding branches 
of a variable number of spinal nerves. The finer branches of the 
nerve are distributed to the skin of one or more of the fins, or 
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even, as in Gailuf^, to all the fins, especially to the numerous 
“end -buds” which are present on those organs. In many 
Fishes a varial)le number of the anterior spinal nerves {sinno- 
occipital) perforate the occipital region of the skull. They 
probal)ly represent the vential roots only of the ordinary spinal 
nerves of this region 


Sense-Organs 

The Cutaneous Sense-Organs, — These organs, the most re- 
markable and certainly the most characteristic of the sense-organs 
of Cyclostomes and Fishes, are bud-like groups of epidermic cells in 
relation with the ends of sensory nerve fibres. Each consists of a 
central core of sensory cells, provided with terminal cuticular sensory 
hams, and surrounded by a zone of supporting and mucus-secret- 
ing cells which lea\'e the hairs exposed at the apex of the bud. 
Two kinds of these organs can be distinguished, which differ in 
their innervation and in their position in the skin Of the two, 
the so-called end-luds are the more primitive. They occupy a 
superficial position in the epidermis, and their sense-cells are as 
long as the ^supporting cells. They are present in Cyclostomes 
and Elasniobranchs, and especially in Teleosts, where they are 
irregularly distributed over the surface of the body, on the fins, 
lips, and barbels, and also in the epithelium of the mouth and 
idiarynx In tlie Dipnoi they are limited to the oral cavity, and 
in the higher Craniates they become taste-buds.^ Their somatic 
sensory nerves ^ are derived from the vii , ix., and x. cranial nerves, 
and the lateralis accessorius. In the second type, usually 
called “ nerve-eminences^' the sensory cells are shorter than the 
supporting cells, and they are always innervated by the lateralis 
system. When first developed in the embryo they are quite 
superficial, like end-buds, but later the epidermis in which 
they lie sinks inwards so as to line a series of pits, closed sacs, 
tubes, open grooves, or closed canals. Fit-organs, so abundant on 
the head and trunk of Teleosts (Fig. 220), are simple epidermic 
pits with insunken nerve-eminences, disposed in groups or in 

^ For a discussion of the relations of “end -buds" to the sense of taste in 
Fishes, see Bateson, Journ Marine Biol, Ass. i (N.S ) 1890, p 225 , and Herrick, 
U S. Fish Commiss. Bull 1902, p. 237. In the latter paper a bibliography of the 
subject IS given. 

2 These fibres are included in the visceral sensory or “communis" system by 
Heinok. 
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lines (accessory lateral lines) or irregularly distributed. The 
“ Spalt-:pa;pillen ” of Elasmobranchs are pit-organs in which the 
orifice of the pit is reduced to a slit. The more deeply-seated 
Savins vesicles on the venrral surface of the Torpedo, and the 
nerve-sacs of Ganoids, are similar organs coiiveited into closed 
sacs and pinched off from the rest of the epidermis. Lorenzini's 
ampdlae or iniicus canals, which are found in definitely located 
groups on the lateral and upper surfaces of the head in Elasmo- 
branchs, may perhaps be compared to pit-organs prolonged inwards 
to form subcutaneous tubes, each of which terminates in a 
radially -septate, chambered dilatation or ampidla, containing 
groups of sensory cells. 

Besides the more diffusely scattered sense-organs there are 
others which become disposed in definite lines along the sides 
of the body and on the head, and, enclosed in grooves or closed 
canals, constitute the highly characteristic lateral line system of 
Cyclostomes and Fishes.^ The auditory organ must also be included 
as a specialised portion of this system. Both organs are inner- 
vated by the lateralis system, and both arise from a common 
rudiment in the embryonic epidermis in the position of the 
future auditory organ. This rudiment grows backwards along 
the side of the body in the form of a cord of cells differentiated 
from the epidermis, and also forwards, where it soon divides 
into the rudiments of future supra-orbital and infra-orbital 
canals. Sense-organs are differentiated at intervals along the 
line of the cord ; and in the body, but not on the head, they 
frequently exhibit a segmental disposition. Each sensory organ 
then sinks down into a short epidermic groove, which by the 
subsequent meeting of its lips becomes a canal detached from 
the epidermis. The short canals then become continuous, leaving, 
however, an externally opening primary pore between every two 
consecutive canals, and the result is a continuous canal having 
sense-organs imbedded in its epidermic lining and connected with 
the exterior by pores at intervals (Fig. 219).^ The enclosure of 
the canals in the scales of the lateral line of the trunk or in 
special drain-pipe ossicles on the head, and the dichotomous 

^ See previously cited papers by Herrick and Cole ; also Ewart, Trans. Roy, jSoc. 
JSdmh. xxxvi. 1892, p. 59 ; Collinge, Quart, Journ. Micr. Sci. xxxvi. 1894, p. 499 ; 
and Herrick, Journ, Comp, Neurology, xi. 1901, p. 177. 

® Allis, Joxtrn, Morph, ii. 1889, p. 463. 
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subdivision of the primary pores into groups of surface-pores, 
complete the evolution of the system an its more advanced 
condition. Typically, the lateral line system consists of certain 
canals or grooves, usually but not invariably continuous, and 
defined by their innervation, (i) a lettered canal extending along 
the side of the body and the hinder part of the head, and having 
its sensory organs supplied by the great lateralis nerve (Fig. 
220); ( 11 ) a. s^t^ora-orlital canal passing forwards over the eye 
and innervated by the superficial ophthalmic branch of the 
facial nerve ; (in.) an infra-orhital canal supplied by the buccalis 



Fig 219 — Vertical longitudinal section througli tlie lateral canal of Amia calm l.n. 
Lateralis nerve with its branches, w, to the sensory organs, s 0 , s.o , exteniai 

pores , sx, sensory canal , s, s, scales of the lateral line. (Fiom Wiedersheim, after 
Alhs ) 


and otic branches of the same nerve ; and (iv.) a liyo-mand%bular 
or o;p6TGulo-mand%h'ular canal, situated on the outer side of the 
hyoid region, and thence prolonged downwaid and forward in 
relation with the lower jaw, and innervated by the external 
mandibular branches of the facial nerve. The hyo- mandi- 
bular canal is sometimes distinct from the other canals, as in 
Elasmobranchs and some Teleosts (Fig. 220), and in certain 
North American Siluroids the same may be said of the supra- 
orbitaL But, as a rule, the infra-orbital is continuous behind 
both with the lateral and the supra-orbital canals, while the 
hyo-mandibular canal j'oins the infra-orbital, or, exceptionally, 
VOL. VII 2 G 
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th.6 supi8)-oibital C8;iidl Ticiiis\8i&6 comiiiissiti il L'lndls often 
connect the lateral and siipia oibital caiials ot opposite sides 
across the doisal surface ot the herd, and tin coiiesponding 
infia-orbital and hyo-mandibulai canals may ilso l)e continuous 
at the extremity of the snout oi at the mandibulii syniph>sis 
Throughout then extent the canals communicate with the 
exteiioi by pores, oi short canals teinimating in pores, or by 
blanched canals ending ui groups of pores In C}dobtomLb ^ the 

lateral line s}stem 
IS lepieseiited by 
pit-oigans disposed 
as in Fishes, and 
inner \atcd by a 
true lateialib nerve 
Some Elasino- 
Inanchs have the 
lateral canal of the 
trunk represented 
by an open groove 
protected by mar- 
ginal denticles 
Chimaeia is more 
primitive btiU in 
this lespect, lor on 
the head as well 
as on the body the 
seiisoiy organs are 
in open grooves 

Amongst Fishes these organs are most primitive in the Dipnoi, 
where they retain their superficial position in the epidermis In 
Teleostomes the lateral canals perforate the scales of the lateral line, 
and at mtervals they open externally by simple or multiide pores 
which perforate the scales On the head they are more oi less 
completely enclosed in special ossicles which either remain distinct 
or fuse with certain of the ad]acent dermal or cartilage bones of 
the skull The use of the lateral line organs is not certainly 
known They occur only in Fishes and Amphibia, and as blind 
Fishes are able to avoid obstacles with the greatest ease when 
swimming, it is possible that these organs enable their possessors 
^ Johnston, Jown Comp Neurology ^ xii 1902, p 2 



Fig 220 — Sensorj canals of the left side of the he id of 
Cradus Virens e Eye , ^ o infra orbit il canal (dotted) 

1 0 , lateral canal (oblique shading) n nasal apertures 
p operculum op 7 1 operculo mandibulai canal (longi 
tudmal shading) p o pit oigans , s o supia orbital canal 
(cross hatched) , s oc supra orbital commissure , s t 
supra temporal branch , 1 1, tubuli bj aihich the canals 
communicate with the extenor (Prom Cole ) 
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to appieciate undulatory movements m vatei in the shape of 
rehex vaves fiom contiguous suifaces or objects^ Their gieat 
antiquity is shown by then existence in most of the Heteio- 
stiaci and in the Antiaichi and Aithrodiia, although they ha^e 
not 3 et been disco\ eied in the Osteostraci. 

The Auditory Organs — In its more t} pical condition each 
auditoi} oigan consists of a membranous sac 01 vestibule, 
paitiall)’' constiicted into an upper portion 01 utiiculus and a 
lowei or sacculus (Fig 221, A) Thiee semicnculai canals are 
connected with the utiiculus, of which two are vertical and at 
light angles to one another, and the thud is hoiizontal One end 
of each c inal is dilated into an ampulla A slendei tube, the ductus 
endol 3 mphaticus, leaves the sacculus, and ends in a sac-like 
swelling, the sinus endol} mphaticus, which apparently lepiesentsa 
poition of the embryonic epidermic involution from which the 
auditoiy oigan is foimed A smaller sac-liLe outgiowth from 
the sacculus, the lagena, conesponds to the cochlea of the 
highei Vertebrates The epidermic lining of this S 3 Stem of 
ca\ities IS difteientiated into patches 01 iidges of sense-cells 
(maculae or cristae), separated by supporting cells and innervated 
by the terminal blanches of the auditory nerve There is a crista 
acustica in each ampulla , and maculae acusticae are present in 
the utiiculus, sacculus, and lagena A fluid, the endolym^^h, fills 
all the cavities, and a similar fluid or pei ilymjpli occupies the 
spaces in the peiiotic capsule in which the various chambers are 
lodged Among the more notable deviations fiom this type of 
auditor}^ oigan the Cyclostome My%%ne, apparently, has but a 
single semicnculai canal with an ampulla at each end, and the 
vestibule is a simple sac (Fig 221, B) Feti omyzon has two 
canals, but lacks the horizontal canal In Elasmobranchs, in- 
cluding Glnmaem (C), the ductus endolymphaticus retains its 
primitive connexion with the exterior by means of a pore on the 
dorsal surface of the head In the Dipnoi (e g Protopterus) the 
paired endolymphatic sinuses divide into a number of caecal 
branches containing otoliths, which meet ?ind interlace over the 
fourth ventiicle (Fig 217)^ Otoliths, either in the form of fine, 

1 Fuchs {Archi'of d ges Fhysiol hx 1896 p 454) has suggested that these 
organs may be concerned with the perception of pressure variations It has also 
been argued that they aie concerned with equilibration and the co ordination of 
the movements of the fins (See Amencan Joum Fhys^ol 1 p 128 ) 

3 Burckhardt, Das Central Nevoensystem v Frotoyterus, Beilin, 1892, p 32 
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mucus-connected, calcareous particles, ns in Mnsniobrunchs, or as 
massive solid concretions in Teleosts, are present in relation \\ith 
the sensory areas of the utriculus, sacculus, and lagtnia. 

In a few marine and in a large nuinber of freshwater lYdeosts 


c 



Fig. 221. — Auditory organs of Fishes. A, of a typical Fish ; B, of Myxine ; C» of 
Chimaem; and D, of Perea. a.c. Anterior canal ; mn\ wd\ ampullae ; amM^ 
nerves to ampullae ; c, semicircular canal (lu Myxme ) ; d.e^ ductus endo-lymphatious ; 
h,c. horizontal canal ; lagena ; macula acubtica ; w?.s, macula acubtica of 
the sacculus ; n, nerves to ampullae ; o, external aperture of the ductiis endo- 
lymphaticus ; posterior canal ; s, sacculus ; s.e, sinus cudo-lymphatious ; 
superficial skin ; s.s, sinus superior ; m, utriculub ; viii, auditory nerve. (From 
Wiedersheim, after Retzius.) 


the auditory organ enters into a more or less intimate connexion 
with the air-bladder by one of three different methods. The 
first and simplest is by the apposition of the extremities of a 
pair of caecal tubular prolongations from the air-bladder to the 
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outer surfaces of the fibrous ruembranes which close a pair of 
vacuities in the outer bony walls of the periotic capsules, the 
inner surfaces being bathed by the perilymph surrounding 
the auditory organs. This method is characteristic of certain 
Serranidae, Berycidae, Sparidae, Gadidae, and Notopteridae,^ and 
probably in the Hyodontidae. In the second method, of which 
several Clupeidae {e,g. Herring, Pilchard, etc.) furnish examples, 
the periotic vacuities are open in- 
stead of closed, and the sac-like 
ends of the tubular extensions 
from the air-bladder are in actual 
contact with protruding outgrowths 
from the utnculus.^ The third 
method, by far the most elaborate, 

IS by the intervention of a series 
of movably connected Weber- 
ian” ossicles, of which the most 
posterior on each side (the tripus) 



is inserted into the dorsal wall of 
the air-bladder (Fig. 223), while 
the anterior one (scaphium) forms 
the outer wall of a median back- 
ward prolongation (sinus impar) 
of the perilymph-containing spaces 
surrounding the two auditoiy 
organs. This in turn encloses a 
similar median prolongation (sinus 


Fig. 222 — Cavity of the air-hladder ot 
a Siluroid {Maoion&s nemvnia) ex- 
posed by the removal of its ventral 
wall a c, Antenor chamber; 
basioccipital , h body wall, here 
reduced to the external skin , 
c?, clavicle ; f.c, lateral chamber ; 
l.s, longitudinal septum , pi, post- 
tempoi al ; ti a, anterior portion of 
the tripus ; c, crescentic portion 
of the tnpus , t s, transverse sep- 
tum ; t s', shorter transverse sep- 
tum (From Bridge and Haddon.) 


endolymphaticus) from the two sub -cerebrally united endo- 
lymphatic ducts (Fig. 223).^ This complex mechanism is present in 


the Cyprinidae, Siluridae, Chaiacimdae,and Gymnotidae; and hence 
the term Ostariophysi ” ^ as a collective name for these families.^ 


^ Bridge, Journ, Lvnn, Soc. xxvu. 1900, p 503 ^ 

® Ride wood, Journ Anat. md Fhys. xxvi. 1892, p. 26. 

^ E H Weber, De av/re et aud%tu Sbmims et Animalium. Pars i De awre 
Ammahum Aquatihum, Leipzig, 1820 , Bridge and Haddon, JPhd, Trans. 184, 
1893, p. 65. 

^ Sagemehl, Morph Jahrl). x. 1885, p. 22 

® The Weberian ossicles are modified components of certain of the anterior 
vertebrae. The scaphium represents the neural arch of the first vertebra ; the inter- 
calarium is the arch of the seooiid vertebra ; while the tnpus is probably the nb 
of the third vertebra In the Characimdae and the Cyprinidae an additional 
ossicle, the “claustrum” is present. 
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The physiological raison d^itre of the connexion between the 
air-bladder and the auditory organ cannot yet be regarded as 
satisfactorily determined. It is possible, as Weber thought, that 



Fig, 223. — Diagram to show the Weberian 
ossicles and their relations to the ear 
and the air-bladder, at^ Atrium, an 
extension of the sinus impar ; a.v.c, 
anterior vertical canal ; bony wall of 
the penotic capsule ; d.e, the medianly- 
united endolymphatic ducts ; h.c, hori 
zontal canal ; i/i, intercalarium, a thiid 
ossicle imbedded in the ligament {hlg) 
connecting the scaplnum with the 
tripus ; bony nodules on the sides of 
the complex vertebral centrum ; jp.-y.c, 
posterior vertical canal ; s, sacculus ; 

scaphium ; s.e, sinus endolymph- 
aticus ; s.h, sinus impar ; tr.a, t7.c, the 
anterior and crescentic parts of the 
tiipus ; ut, utriculus The radial lines 
represent the fibres of the dorsal wall of 
the air-bladder. (From Bndge and 
Haddon.) 

that the Weberian mechanism is 
families of freshwater Teleosts at 


it may be an auxiliary to the 
function of hearing by trans- 
mitting to the ear sound-waves 
impinging on the suiface of the 
body and affecting the gases in 
the air-bladder.^ On the other 
hand, it may be urged with 
perhaps greater probability that 
the connexion exists for the 
purpose of conveying to the 
ear stimuli due to the varying 
degrees of distension of the 
air-bladder, such as, it may 
be presumed, are naturally 
brought about by the varia- 
tions of hydrostatic pressure 
which a Eish encounters in 
the course of its ascent or 
descent in the water.‘^ Whether 
regarded as an accessory to 
hearing, or as a means of regu- 
lating the distension of the 
air-bladder, the physiological 
value of the connexion must 
be considerable, and on this 
point it is at least significant 
characteristic of the dominant 
the present day.® 


The Olfactory Organs. — These organs are essentially a pair 
of pit-like inpnshings of the skin of the ventral side of the head 


in front of the mouth, with their lining epidermis differentiated 


into sensory ceUs separated hy supporting cells, and connected 
with the olfactory lobes of the brain by olfactory nerves. The 


^ See also Sorensen, Jour%. Ancd, and PJiys. xxix. 1895, p. 399 j and Bridge, 
Jou'tn, Linn. Soc. xxvii. 1900, p. 631. 

^ Bridge and Haddon, op. cit. p. 261. 

® Id. Proo. Roy. Soc. lii. 1892, p. 139. 
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Cyclostomata are unique amongst Cianiates in the apparently 
impaiied condition of the oltactory organ, and in its lemarkahle 
relation to the pituitary involution In the eiiihryo Lampiey 
the median and ventral olfactory pit is carried inwards with the 
pituitaiy inyagination, so that the former appears as a dorsal out- 
growth from the latter, and the two have a common external 
opening, the naso-pituitary aperture (Fig. 224) Later the ex- 
traordmary forward growth of the upper lip to form the roof 
of the buccal funnel has the effect of shifting the naso-pituitary 
involution and its aperture to a final position on the doisal side 
of the head It is due to this dorsal displacement that, as we 



Fig 224 — Two stages in the development of the olfactory oigan and the pituitary 
involution in Pet'iomyzon A is the earlier, B a much later stage &/, Brain , 
wiy infundibulum ; I Ip, lowei lip , ms, inesenteron , n, notochord ; ol 0, olfactory 
organ pn, pineal body , pt s, pituitary sac , st, stomodaeuni ; n Ip, upper lip 
(From Parker and Haswell, after Dohrn ) 

shall see, the pituitary caecum reaches the ventral surface of the 
brain by perforating the basis cranii from above, instead of from 
below as in all other Craniates. The pituitary body is pinched 
off from the dorsal side of the naso-pituitary involution. In 
the adult Lamprey the olfactory organ appears as a round sac 
divided by a median septum into two lateral chambers (Fig. 
225), the hnmg epithelium of which is raised into prominent 
ridges. Behind the sac the pituitary involution is prolonged 
backwards beneath the brain, and, after traversing the basi- 
cranial fontanelle, it widens out into a spacious cul-de-sac and 
terminates on the dorsal side of the pharynx, beneath the an- 
terior end of the notochord. In Myxfine the pituitary involution 
-ends by opening into the pharynx. The apparently monorhinal 
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condition of the Cyclostomes is probably u secondare iicr^nisition. 
At the earliest embryonic stage at whicdi any trace ot an olfactoiy 
organ is apparent, there is a median thickening ol the epidermis, 
possibly a vestige of some older sensory organ eoiuparnble, it may 
be, to the so-caUed olfactory organ of Amphioxus ; mi each side 
of it there is a lateral thickening, the rudiments uf the paired 
organs.1 three thickenings, or “ plakodes,” then sink inwaixls 
to form an olfactory pit. The partial subdivision of the adult 
organ by a vertical septum, and the presence ol two olfactory 



Fig, 225. — Side view of the brain of Petromy&on^ with the olfactory otRau and the 
pituitary caecum in section, cblm, Cerebellum ; ohJi, cerebral hemisiihero ; dien, 
thalamencephalon ; /, fold in the nasal tube ; ///, novsal glainU ; i ?//, infundibulum ; 
LgiiMy left ganglion habenulae ; 9)iec2.o5?, medulla oblongata ; naso-pituitary 

aperture ; notochord ; cranial nerves ; first ventral spinal 

nerve; olf.cjpi olfactory capsule; olf,l, olfactory lobe; olfactory mucous 

membraue; optl, optic lobe ; pui, pineal body; pn\ inferior pineal body ; pn.e, 
parietal eye ; pty.b, pituitary body ; piiyp. pituitary cul-de-sac ; median septum 
of the olfactory sac ; sp\ first dorsal spinal nerve. (From Parker an<l Haswell, after 
Ahlbom and Kaenische.) 

nerves, point to the same conclusion.^ All Fishes possess olfactory 
organs which are obviously paired. In Elasinobranchs and 
Dipnoi they retain their primitive ventral position. Many 
Sharks and Dog-Fishes possess an oro-nasal groove leading from 
each olfactory organ to the corresponding angle of the mouth. 
The Dipnoi proceed a stage farther, and, by the conversion of 
the grooves into short canals, the olfactory pits coimuunicate 
with the mouth by true internal nostrils, as in the higher 

^ Kupffer, mrgl. JEntwicU, d, Kbpfes d. KrmiaUn, iii. 1895, p, 6. 

^ 2 In JBdellostoTm the olfactory organ ari&es as a pair of outgrowths from the 
pituitary involution (Bashford Doan, Kupffer's Festschrift^ Jona, 1899, p. 269). 
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Vertebrates In the adults of existing Teleostomi the oritice 
of each organ is usually dmded into two by the growth of a 
fold of skin across it, and the two apertures rotate outwards and 
upwards on to the lateral or the upper surface of the snout Of 
the two nostrils the posterior one probably corresponds to an 
external nostril, and the anterior one to the internal nostril. 
Occasionally each olfactory organ has only a single orifice. In 
the Crossopterygii and in some Teleostei the nostrils become 
tubular. The lining epithelium of the olfactory pits is usually 
produced into ridges, disposed longitudinally or transversely, or 
in the form of radii from a central point in the roof. Many 
Teleosts have each olfactory organ prolonged backwards into one 
or two sacs, the nasal sacs, which are either simple reservoirs, or 
glandular and mucus-secreting In a species of Chinese Sole 
(Qynoglossm semilaems) the two sacs, one from each olfactory 
organ, unite over the roof of the mouth in a common median 
sac, and in one unique specimen the latter communicated with 
the mouth by a large naso-pharyngeal aperture.^ 

The Eyes — In essential structure the eyes of Cyclostomes 
and Fishes resemble those of the higher Craniates. As a rule, 
in Fishes they are relatively larger, however, and the lens is 
globular and the cornea somewhat flatter. Ciliary processes 
and cihary muscles are absent. As the eyes are nearly always 
lateral in position it is probable that monocular vision is 
the rule. In Teleosts and in Amia a “ choroid gland,” consist- 
ing of a mass of capillary blood-vessels, surrounds the optic nerve 
externally to the retina, and derives its blood from the efferent 
artery of the pseudobranch (Fig. 226) In most Teleostomi, but 
not in Cyclostomes, Elasmobranchs, and Dipnoi, there is a 
singular prolongation of the choroid coat, known as the “ pro- 
cessus falciformis,” which extends across the vitreous humour to 
the inner face of the lens, where it ends in an expansion, the 
"'campanula Halleri” (Fig. 226). Accommodation to vision at 
different distances is not effected by alterations in the convexity 
of the lens, but by a change in its position with regard to the 
retina, apparently brought about by the contraction of a special 
retractor muscle.^ Some oceanic pelagic Teleosts are remarkable 
for their curious telescopic eyes in the shape of short protruding 


^ Kyle, Journ. Idnn. Soc, {Zool.). xxvn. 1900, p. 541. 
2 Beer, Wien Mm, Wodhenschr , No. xlii. 1898, p 11. 



394 


FISHES 


CH\? 


cylinders, exch teimmating in a stionglj convex cointa (Fig 
227)^ The eyes aie diiected eitliei npwaids oi fon\aids, 
and, as then long axes aie eithei position, it 

IS piohable that these Fishes are capable of binoculii Msion 
In the }OTing ot ceitain Teleosts occiiiiing in the \.iitaiGtic 
ci;iid Indian Oceans the large eyes aie situated at the e\- 




XT 




tiemities of extraordinary long stalks extending fiom the sides 
of the head 

In the quasi -paiasitiG C^'clostome, Myxint and in many 
Teleosts belonging to widely diffeient families, which Ine at 

great depths in the sea oi 
scZ cplLoZ inhabit subteii niL in %\ateis, 

the eyes siiflLi liom disuse 
and degenei ite in structiue 
The induence of a deep-sea 
habitat on the e}cs of Fishes 
IS somewhat viiied The 
eyes aie often small A few 
abyssal iishes are totally 
blind and no external trace 
of e}e& can be seen (Fig 
430) In such Fishes com- 
pensation IS often afforded 
by an extiaoidmiij develop 
ment of tactile organs in 
the form of long barbels, oi 



PS 


€CT^ 


Fi 226 — Vertical section of tlie ej e of jS dmx> 
fario (semi di'igrammatic) arg Argentca 
Oi clioroid , clh gl I choroid gland , cn 
cornea , tp hal campanula Hallcri ms , 

/, lens , opt ni optic nerve , pg^ pigmentar;^ 

processus falciformis H retinal, flkmcntS (leil-ved 

sd, sclerotic (From Paiker and Haswell ) “ 

from the median or the paired 
fins (Fig 371, B) Many deep sea forms possess ejes of the 
normal si/e, oi e\en exceptionally large eyes, probably because 
either they occasionally migrate towards the surface, oi else they 
possess phosphorescent organs and are able to see by the aid of 
the light they themselves emit A blind Siluioid (Amiurus 
7iigiilahiB) fiequents the cave streams of Pennsylvania, and 
many members of the same family which live m muddy waters 
have very small or even minute eyes One of the Gobies {TypMo- 
gohiiis)^ which buiies itself m the sand, or is found under stones in 
the holes of a burrowing Ciab on the coast of California, is also 


^ Chun Aus den Tiefen des fVeltmeeres, Jena 1900, p 584 
Rittei, Jfws Comp Zool \xiv 1893, p 51 
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blind. Amongst other blind Fishes AmUyo;psis and T'ij'phliclitliys 
(Amblyopsidae) ^ and Lvcifuga (Zoareidae) may be mentioned, the 
fust two inhabiting the cave streams of Noith America, wlnle the 
third has a similar habitat in Cuba. When the eyes degenerate 
they dwindle in size and recede from the surface. The lens and 
the iris wholly or partially disappear, and although it is generally 
recognisable the retina loses certain of its characteristic layers, or 
the latter are but imperfectly 
formed. In Myxine even the 
eye-muscles are absent. 

The eyelids of Fishes are 
little more than maiginal folds 
of skin, capable of httle if 
any movement, and leave the 
eyes largely uncovered. Some 
Shaiks have a third eyelid oi 
membrana nictitans '' at the 
anterior corner of the eye. 

Lachrymal glands are un- 
known. 

The Parietal Eye. — It is 

only in the Cyclostomes that ^27 —The telescopic eyes of 

pioctiis soleat%i% Vaill. (A), and of a 
this structure can have any species of a new family of Teleobts fiom 

claim to be regarded as a visual 
organ. In the Lamprey (Fig. 

228) the parietal eye is a slightly flattened vesicle lying 
directly over the pineal vesicle, and connected by a slender 
stalk or nerve with the right ganglion habenulae. The dorsal 
or more external half of the vesicle is bi-convex, and forms the 
'' pellucida,” while the inner half or retina is said to consist 
of supporting cells with interspersed deeply pigmented sense- 
cells and ganglion cells.^ The external skin over the parietal 
eye is partially transparent in the living animal. 

In many of the oldest known Fishes, such as the Ostracodermi, 
the Antiarchi, and the Crossopterygian Osteolepida, there are 
indications of the existence either of one or of two median sense- 
organs on the upper surface of the skull, in the shape of one or 
two foramina, or hollow protuberances, or pit-hke grooves or 

^ Eigenmann, Arch, f 3ritwickelungs7Mcli vm. 1899, p. 646. 

^ Studni^a, Sitzher L hdhm Qe$, W'lss , 1899, No. xxxvii. 
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depressions, but, as a rule, when one of them is present the 
other is absent. It is probable that both these structures 
were associated with sensory organs, of which one may have 



Fio. 228* — ^Vertical section through the parietal eye and the pineal vesicle of Petro- 
myzon tnarinus^ c.i, Connective tissue ; J9, pellucida ; j^.o, pineal organ ; 
parietal eye ; r, retina ; iii % third ventricle. (From Wiedersheim, after Stud- 
ni6ka.) 


been a parietal eye and the other a pineal eye. Some Teleosts 
(e.y. many deep-sea Scopelidae) have a transparent, convex, 
cornea-like prominence on the upper surface of the head which 
may be related to one of these singular organs.^ 

^ Chun, loc, cit. p. 536. 
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THE KIDNEYS AND THE EEPEODUCTIVE OEGANS — BEEEDING 

The kidneys and the reproductive organs are so intimately con- 
nected that it is necessary to deal with them together. Both 
organs are specialised portions of the coelom and its epithelial 
lining The kidneys are essentially a series of tubular and at 
first segmentally-disposed outgrowths from the coelom (urocoeles) 
which acquire a connexion with the exterior, while the gonads 
have their origin from local modifications of the coelomie epi- 
thelium. At a very early embryonic stage each lateral half 
of the coelom presents three well-maiked divisions : (1) a senes 
of dorsal portions (“ myocoeles ”), the cavities of the myotomes or 
muscle-segments; (2) a longitudmally continuous imsegmented 
portion extending round the alimentary canal, the “ventral 
coelom”, and (3) a series of mtermediate tubular portions or 
“ nephrotomes,” each of which leads from a myocoele to the ventral 
coelom (Fig. 229, A). The essential components of the kidneys, 
the urocoeles or renal tubules, are derived from the nephrotomes. 
In its typical condition each kidney consists of three portions, 
which, in accordance with their embryological and evolutionary 
sequence, are termed the “ pronephros,” the “ mesonephros,” and the 
“ metanephros.” The pronephros, the larval or provisional kidney, 
is formed from a limited number of the nephrotomes immediately 
behind the head. From each nephrotome a hollow tubular out- 
growth is formed, which grows towards the lateral surface of the 
body, and then unites ivith its fellows of the same side to form 
a main longitudinal duct — ;the “ archinephric ” or “ pronephric 
duct” (Fig. 229, A, Fig. 230, A). This duct grows backwards 
until it opens into the cloaca.^ At the same time the nephro- 

^ It IS probable that tbe archinepbric duct is derived from tbe embryonic 
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tomes lose them connexion with the myocoeles, although they 
still retain their “ nephrostomes ” 01 apeituies tlnough which they 
commuiucate with the ventral coelom When lully de\ eloped the 
pionephios consists of a few tubules, more oi less convoluted, open- 
ing at them inner extremities into the coelom hj means of then 
ciliated nephrostomes, and at them outei ends communicating 
with the exteiior through the archinephiic duct In lelation 




Fig 229 — Diagrammatic transverse sections througli an emlDryo Craunto to show the 
mode of development of the pronephros (A) and ot the mesonophios (B) The right 
side of each figure shows an earlier stage than the Iclt In B (lett side) the con 
nexion of a \ as efferens with a mesonephric tubule, and the division ot the archi 
nephne duct into Mullerian and mesonephric ducts are shown a Aoita ac, 
alimentary canal , a archinephnc duct , glomus , gl^ glomerulus , i inner 
nephrostome , vd), Malpighian body , md, Mullerian duct , mul^ mesonephric 
duct , 'mnt, mesonephric tubule , ‘niyc, myocoele , myt, myotome , vt, notochord 
np, nephrotome , nt, nephiostome , o n, outer nephrostome , i)ronephric 

tubule , s c, spinal cord , t, testes , -o c, ventral coelom , v p/, vas efierens (Aftei 
Kingsley and Semon ) 

With the pronephros a branch from the dorsal aorta forms a‘ tuft 
of capillary blood-vessels or glomus,” opposite the nephrostomes, 
which projects into the ventral coelom on each side Latei, a 
second series of much more numerous tubules is formed behind 
the pronephros, which constitute the mesonephros In forming 
mesonephric tubules the nephrotomes become disconnected from 
the myotomes and their myocoeles, and curving outwards they 

epiblast , hence the suggestion that in the primitive Yertebrates the duct was a 
longitudinal groo\e in the superficial skin into which the pronephric tubules 
opened e\ternally 
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come to open into the archinephrie duct, although they do not in 
any way contribute to its formation (Fig. 229, B). Segmentally- 
arranged twigs from the dorsal aorta end in tufts of capillaries 
or glomeruli, each of which projects into a small sac-like enlarge- 
ment of a mesonephric tubule, pushing before it the wall of the 
sac In this way a double- walled “ Malpighian body,” contain- 
ing a '' glomerulus,” is formed in connexion with each tubule. 
Subsequently, the mesonephric tubules increase in number by 
budding. New nephrostomes and Malpighian bodies are developed 
on the secondary branches, and the original segmental arrange- 
ment of the tubules becomes obscured With the growth of 
new tubules, and the formation of blood-vessels and of connective 
and lymphoid tissues between them, each mesonephros finally 
assumes the condition of a compact gland imbedded in the dorsal 
wall of the coelom, with its ventral surface invested by the 
peritoneum. A “ metanephros,” which in the higher Vertebrates 
replaces the mesonephros as the functional kidney, is perhaps 
not represented in Fishes. 

A more or less well-developed pronephros is present in the 
embryos or larvae of the Cyclostomes and of all Fishes, but as a 
rule it completely disappears at an eaily period and is replaced 
by the mesonephros It is retained throughout life, however, 
m the Myxinoid Cyclostomes (Fig. 230, B), and has its persistent 
nephrostomes opening into the pericardial cavity.^ In a few 
Teleosts the pronephros is also persistent, as in Fiemsfer and 
DactylopteruSj and in others the organ may not completely dis- 
appear until the approach of sexual maturity. But with these 
exceptions the mesonephros is the sole functional kidney in the 
adults of the Cyclostomes and of all Fishes. As regards the 
nature of the duct by which the excretion of the mesonephros is 
conveyed outwards, there are notable differences in different 
Craniates. The Cyclostomes and the Teleostomi retain that part 
of the archinephrie duct into which the mesonepliric tubules open, 
and which remains after the atrophy of the pronephros (Fig. 230, 
B, E, F) In Elasmobranchs, and probably also in the Dipnoi, 
a special mesonephric duct is developed in a way which will 
be described later (Fig. 230, C, D) In the males of Elasmo- 
branchs some of the hinder mesonephric tubules unite to form 

1 W Muller, Jen, Zeitsch, ix 1875, p. 107 , Semon, Carl Cegenbaur's Festschrift, 
Leipzig, 1896, ui p. 169. 
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Fig. 230 — Showing the principal modifications of the kidneys and reproductive organs 
in Gyclostomes and Fishes. A, The pronephros and its duct in the oiuhryo ; 
B, the kidneys and genital pores in Petromyzon, the vestigial pronophios repie- 
sented as in Myxvm, C and D, the urmogenital organs of a male and female 
Elasmobranch , E, of a male or female Teleost, or a male LepidoUext ,^ , F, of a 
female PdlyjpUrm, A Amm, or Ostmtus. a, Anus , a.d^ archinephno 

duct ; c, cloaca ; c a, the coelomic aperture of the Mullerian duct , c cutaneous 
pit ; g, gonad ; gd^ gonoduct ; gp^ genital pore , intestine ; w, Malpighian body ; 
m Mullenan duct , mn, mesonephros ; mri?-, vestigial mesonephros ; ex- 
cretory portfon of the mesonephros (**m6tanephros”) ; mw®, genital portion of meso- 
nephros , mn,d^ mesonephric duct; mtn.d, metanephuc duct; nephrostome ; 
ov, ovary ; p.a^ abdommal pore ; peritoneal funnel , pn, pronephros ; pn\ 
vestigial pronephros ; s g, shell gland ; s a, sperm sac ; ^ testis ; u 5, urino- 
genital sinus ; V ef, vasa efferentia ; t).5, vesicula semmalis. 
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a Single main duct opening into the terminal pait of the meso- 
nephric duct, and these tubules and their separate duct are 
sometimes legaided as a metanephros and a metanephiic duct 
The mesonephiic nephiostomes aie persistent throughout life in 
a few Elasmobranchs (eg iJTotidanidae, Hetei odontidae, Ehinidae, 
and some Scylliidae), and also in Amm ^ in all otliei Iishes 
as well as in the Cycles tomes they become closed in early 
life 


In many Eishes the hinder extremity of the coelom com- 
municates directly with the exterior through “ abdominal pores, 


of which theie is usually a 
pail, larely a single poie, 
situated close to the cloacal 
01 the anal aperture ^ Elasmo- 
branchs usually have a pair, 
often at the extremities of a 
pan of cloacal papillae (Fig 
231), but they are absent in 
some families (e g Hetero- 
dontidae and Ehinidae), and 
in some Scylludae (eg Scyl- 
hum camcula) they are veiy 
vaiiable, being either piesent 
or absent on both sides, or an 



open pore is piesent on one 
side only Pores are piesent 
and paired in the Crosso- 
pterygii, the Chondrostei, and 
the Holostei Amongst the 
Dipnoi Neoee'i utodus has a pan 
of pores Protojpterus some- 
times has two pores opening 
into the cloaca, but as a rule 


Fia 231 — Diagiammatic horizontal section 
through the abdominal poies and cloaca 
of an Elasmobranch ajp Abdominal 
pore c, coelom c/, cloaca , dp, cloacal 
papilla , cp, cloacal pit , od oviducal 
apertures in the female , r rectum , 
u ? cloacal aperture of the unnary smus 
(female) or the uiogenital smus (male) 
In some Elasmobranchs the abdominal 
pore opens at the base of the cloacal 
papilla as shown at ap^ (Modihed from 
Bles ) 


the two become confluent and have a single external aperture 
In Lep^dosiren pores are wanting Abdominal pores are rarely 
piesent in Teleostei They exist, however, in the Mormyiidae 
(Gymnarchv^ and several species of Mormyrus), and also in the 


^ Jungersen, Zool Anz \xiii 1900, p 328 

2 Bndge, Jour-ii Anat and Phys 1879, p 81 , Bles, xxxu 1898, p 
484 , Proc Roy Soc Ixii 1898, p 232 
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Salruoiiidae,^ whexe they axe as siiigulul} \uii1>1l lu ditlLicut 
species and individuals as m the Elasiuobiaiich Sc\lliiclie The 
use of abdominal poies is not ceitamlj known, unit ss tlu t otlom ol 
those Fishes which possess them continues to let iiu some niL<ibiue 
of its primitive excietoiy function, and the poies act is t\cictoij 
ducts That the nephiostomes aie e\cictoi\ oignis has been 
shown by experiment, and it is woithy of noU th it tin ic exists a 
reciprocal relation between these stiuctuies <inil abdominal poies, 
to the extent that while theie aie a kw Fishes q ceitain 
Elasmobianchs and Amm) iii which l)oth coexist, time aie 
many others in which the presence ol m^phiostomcs is conelated 
with the absence of pores and vue vasa 

The male and female gonads, testes and ovaius, aie dciived 
from the coelomic epithelium neai the luuei oi nu dniu aspect ol 
the nephiotomes (Fig 229 B) Heie the epithelium lemains 
columnar, and soon piojects into the veiitial cot loin <is a con- 
tinuous longitudinal iidge It is piobable that <il hist the modified 
epithelium is segmented as a senes ot gonotouu s, ' but if so, the 
latter must soon coalesce into a continuous iidge Some of the 
epithelial cells enlaige to foim the primitive sex-cells lu the 
development of an ovary, portions of the epithelniui sink mwaids, 
carrying with them the primitive ova Ceitaiii oi the ctlls foini 
the epithelial walls of a number of ovisacs, each oi whuh encloses 
an ovum As the ovisacs inciease in numbei and size the 
germinal ridges project more and inoie into the coclom until, 
as ripe ovaries, they become suspended from its doistil wall by 
a double peritoneal fold, the mesovanum ” (Fig 1 5 G) The testes 
develop in a similar fashion except that the iiiiiiiitivc sex-c(dls, 
which later give use to speimatozoa, form the lining of a numbei 
of simple or ampulla-like tubules, the bemiuifeious tubules, and 
the suspensory fold is termed the '' mesoichium ” 

The Cyclostomes have gonads in the shape of uu])aired 
organs extending nearly the whole length of the coelom, but 
in all Fishes the organs are primarily pined, although by fusion, 
or by the absorption of one gonad, the ovaiies or the testes 
sometimes appear as if single The ovaries may either l)e naked, 
as in Elasmobranchs, Dipnoi, Crossopteiygii, and Ohondrostei, 
and in Amm amongst the Holostei, or, as lu LeJp^doBt6lLS and 
most Teleosts, they become enclosed in coelomic sacs The 

^ Ma'c Weber, Morph Jahrh xn ,1886, p 336 
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foimer, or “ gymnoariau couclition is pmmtive, the latter, or 
“ cy&toarian,” is secoudaiy, aud is brought about by the growth 
of two peritoneal folds louncl tlie ovary and the union of then- 
margins. Into these coelomic sacs the egg-beaiing or leal ovaiian 
tissue piojects either 111 the foiin of processes or of trans- 
\eisely- or longitudinally-arranged plates or folds (Fig. 232, B) 
The testes are composed of seminal ampullae, as in Elasmo- 
luaiichb, or of radially-arianged and sometimes plexiform tubules 



Pig 232 — Diagrams to sliow the structure of the testes (A) and of the ovajies (B) 
in a Herring. (From Cunnmgham ) 


opening into the gonoduet, as in nearly all other Pishes (Pig. 
232, A). 

In the Cyclostomes (o.g. Petromyzon) the eggs and sperma- 
tozoa are discharged from the gonads into the coelom, whence 
they reach the exterior through a pair of genital pores ” leading 
from the hinder end of the coelom into a nrinogenital sinus 
formed by the united extremities of the two archinephric ducts.^ 
Myxine has, however, but a single median pore, opening into an 
integumentary cloaca, which also receives the rectal and urinary 
orifices. Bdellostoma has two such pores communicating with 
a similar cloaca.^ 

^ Ewart, Joum, A^iat and Fhys x. 1876, p 488 
2 Burne, Linn. Sor. Joum. Zodl. xxvi 1898, p. 487 
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The natiire and homologies of the genital ducts in the 
different groups of Fishes are amongst the imjst puzzling of the 
many problems which vex the soul of the Vertebrate morpho- 
logist, and although there is a fairly general agreement on some 
points, there are others of great importance of which it may be 
said quot homines y tot sententiae. 

Broadly speaking, there are two types of genital ducts in 
Fishes: (1) those which are obviously derived from some part 
of the kidney system ; and (2) those which are special ducts and 
appear to have no connexion with kidney-ducts. 

The Elasmobranchs offer a typical example of gonoducts of 
the first kind. At an early embryonic period in both sexes 
each archinephric duct becomes longitudinally si)lit into two 
ducts, of which one continues to receive the openings of the 
mesonephric tubules and remains as a mesonephric duct (Fig. 

229, By The other, which has no connexion with the meso- 
nephros, opens anteriorly into the coelom l)y means of the 
united nephrostomes of the pronephros, and is known as the 
''Mullerian duct” (Fig. 230, 0 and D). In the adult male 
the Mullerian ducts are useless vestiges, but in the female they 
persist and act as oviducts, receiving the eggs set free from 
the ovarian ovisacs through their coelomic apertures, and thence 
conveying them to the cloaca. In the male, certain of the 
anterior mesonephric tubules become connected with the testi- 
cular ampullae by means of a network of slender tubules, the 
" vasa efferentia ” or testicular network, and through the latter the 
spermatozoa pass from the testes to the mesonephric duct (Fig. 

230, C). Consequently, the mesonephric duct conveys both 
spermatozoa and the kidney excretion to the cloaca. It is 
obvious, therefore, that both the male and female gonoducts are 
derived from kidney-duets. 

The Teleostei afford an equally typical illustration of the 
second type. Each female gonoduct (oviduct) is formed by a 
backward growth of tlie same two peritoneal folds which enclose 
the ovary ; these are converted into a " peritoneal tube ” or 
canal by the union of their margins. The male gonoducts 
are also formed in continuity with the testes, that is, as 
backward prolongations from the latter. Each duct, male or 

^ Semper, Oentralblatt f. Med» Wiss. 1875, ITo. 29 ; F. M. Balfour, Jov/m, AnaL 
mid Fhys. x. 1875, p. 17 ; Id. Comparative Embryology y London, 1881, ii. p. 568. 



x\ 


REPRODUCTIVE ORGANS 


405 


female, seems to be a duct sm gene'ns and to have no con- 
ne\]on wliatevei with the kidney system (Fig 230, E) In the 
Sdlmonidae Anguillidae, Galaxudae, Hyodontidae, ITotopteiidae, 
and Osteoglossidae, and also in Mihgwnus, the oviducts lose 
then continuity with o^aiies and degeneiate to an extent which 
diffeis gieatly in diffeient families Thus in some fealmonidae, 
as in the Smelt {Osme'ius ejgeilanus)} the oviducts end anteriorly 
in wide funnel -like coelomic apertures aftei the fashion of 
Miilleiian ducts and do not embrace the ovaiies hence the 
ovaiies arc naked and not cystoarian, and their ducts are 
not peritoneal tubes but ‘ peiitoneal funnels’" (Fig 230, F) 
In othei Salmonidae and in the Anguillidae the oviducts appear 
to have so tai degenerated that they aie represented eithei by a 
pan of very shoit funnels 01 by a pair of genital poies, which, as 
in the Salmon, have a common external aperture behind the anus 
and in trout of the single orifice of the united archinephric ducts 
(Fig 23 3, A) In all such instances the eggs are set free from 
the ovaiies into the coelom, fiom whence they escape thiough 
the peritoneal funnels or genital pores In the Eels the male 
gonoducts also degenerate, and, losing all connexion with the 
testes, the} become reduced to genital pores as in the female 
The Holocephali and probably tlie Dipnoi conform to the 
Elabinobianch type in the natuie of their male and female gono- 
ducts In the Ciossopteiygu ^ each testis has its own proper duct, 
which has no connexion with the kidney system and apparently 
belongs to the Teleostean type, while the oviduct, which is almost 
certainly not a Mullerian duct, is probably a peritoneal funnel 
On the othei hand, the Ohondrostei and the Holostei are in the 
interesting transitional condition of possessing male ducts ot 
the Elasmobianch type and female ducts of the Teleostean type, 
the latter Deing either ducts diiectly continuous with the ovaiies, 
as in Lepidosteus, or of the nature of peritoneal funnels, as in 
AG%jpenser, Polyodon, and Arma (Fig 230, E and F) 

How fai the distinction between the two types of gonoduct 
holds good in the case of the male is not quite clear, and it has 
recently been argued that the Dipnoi offer a connecting hnk 
between the two ^ 

1 Huxley, P -2*^ 1883, p 132 

' Budgett, Trans Zool Soc xv 1901, p 323 , xvi 1902, p 315 

® Graham Keir, PZS 1901, p 484, Proc Phil Soc Cambridge, xi Pt v 
1902, p 329 
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Til Pi otojptei US each testis is dnided into in tintmoi s])onu- 
pioduciiig pait and a posteiioi tiibulai poitiou \shi(h lus lost 
the capacity oi pioduciug sev-eells The Itsticulii iiclwoik is 
greatly lediiced, and loims hut a limited c(>nne\ion hot ween the 
tuljulai poition of the testes and the luesonophiK duct (Ihg 
233, B) If it he supposed that the testiculai nct\\oik hecime 
still fuithei reduced so that the comic moii hetw eon the testes 
and the kidney-duct took place diiectl} tliiough <i single^ channel 
instead of through seveial, the lesult would he a gonoduct 
essentially similar to the male duct of an oidunii> Teleost. 



Fig 233 — Diagiam to slio-vs the kidneys and gonoducts ot i iemalc, Siliuoii (A), ami of 
a male Piotojpte7U'i (B) 'intP and vuP, Antuioi and postcnoi slices oi tlio 
Mullerian duct , 1 tubulai postenot poition of the ttstis {f) Otlici icftuiice 
letters as in Fig 230 (B, after Graham Ken ) 


Should this view piove to be correct, it will follow that the 
male gonoducts of all Fishes aie diffeiently-iuodilied exunples 
of the Elasmobianch type But theie will still leiuaiu the 
female gonoducts of Ganoids and Teleostb, which must be 
regaided as distinct fioin Mulleiian ducts unless it can he shown 
that then diffeient methods of development are not neces&aiil} 
fatal to then homology with Mulleiian ducts, oi th it liotli types 
of gonoduct can be deiived from some intermediate type 
Assuming that some Fishes do possess male or female ducts 
which have not been deiived fiom the kidney system, hut have 
been independently acquired, there is still the question, which 
of the two types is the more primitive, or, in other words, 
has the Elasmobranch type superseded the Teleostean, oi vice 
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versa ? To this question no decisive answer can at present be 
given 

The terminal relations of the kidney-ducts and the gonoducts, 
and the presence of accessory or of vestigial organs in connexion 
with them, will now l^e briefly dealt with. In the males of the 
Elasmobranchs the mesonephnc ducts which, as already pointed 
out, act both as kidney-ducts and gonoducts, dilate posteriorly 
to form a pair of vesiculae seminales, and then unite to form 
a urinogenital sinus, opening into the cloaca at the extremity 
of a median papilla (Fig 230, G). The smiis also receives ducts 
from the hinder part of the mesonephros, either separately, as in 
the female, or by a common duct on each side — the so-called 
nietaiiephne duct — as in the male. Two tubular caecal out- 
growths from the sinus form two sperm sacs. Only the anterior 
portions of the Mullerian ducts with their coelomic apertures are 
retained in the adult. In the female the mesonephric ducts are 
purely excretory, but otherwise they are similar, and the oviducts 
(Mullerian ducts) open into the cloaca separately or by a 
common onfico (Fig. 230, D). A glandular dilatation of each 
oviduct forms the oviducal or shell gland by which the horny 
egg-cases are secreted. In the males of the Holocephali the 
gonoducts open into a urinogenital sinus with an external orifice 
distinct from and behind the anus ; but the female has* separate 
apertures for the rectum, the conjoined oviducts, and the 
united mesonephric ducts. Both sexes have complete Mullerian 
ducts communicating with the coelom in front, and behind with 
the exterior. The Dipnoi of both sexes essentially resemble 
the Elasmobranchs in the general relations of their ducts, but the 
Mullerian ducts of the male exhibit marked differences in the 
three genera.^ In Keoceratodus the ducts are as complete as their 
functional representatives in the female. Frotopterus retains 
anterior vestiges and the coelomic apertures, and also vestiges of the 
hinder portions which unite and end blindly in the urinogenital 
papilla, but the middle sections of the two ducts are suppressed 
(Fig. 233, B). In the Teleostomi there is a general similarity 
in the terminal relations of the gonoducts and kidney-ducts. In 
the Ganoids the archinephric ducts unite and then expand into 
a urinary sinus or bladder, and the gonoducts of the female, or 
of both sexes in Lepidosteus, open either into the archinephric 

^ Graham Kerr, op, at. 
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ducts 01 into the conHUon sinus, cxiid tlicicfoie both ducts 
communicate with the extend h} a unnogenitdl oiihce behiiicl 
the anus Peritoneal funnels, similai to the iunctional o\i- 
ducts of the female, aie piesent in the males ol the Ohiondiostei 
and of Amid In Teleosts the teiminal connexions of the ducts 
tend to become less intimate The aichinephiic due to often dilite 
into a urinary bladder either be foie 01 after then union, and 
the common duct joins the united gonoducts to ioiin a shoit 
urinogenital sinus which opens exteiiiallj', 01 the confluent 
gonoducts have an independent genital orifice between the anus 
and the urinary apertuie Not laiely the genital 01 the uiino- 
genital orifice is prolonged into a tubular papilla, which 111 the 
male acts as an intromittent oigan, 01 as in the females 
of the Cypiinoid IlliodeiLS amarus, the long oviducal tube 
selves the puipose of an ovipositor The males and females of 
the Siluroid Plotobds have a remarkable \asculai iiid glandular 
arborescent appendage just behind the uniiogenit il papilla, the 
use of which is unknown ^ 

The eggs of different Fishes'^ exhibit consideiable di\eisity 
in size and shape as well as in the natuie of then external 
covei mgs and their mode of deposition^ The si/e of the eggs 
largely depends on the quantity of food-yolk stoied up in then 
substance for the nutrition of the embiyo hence the eggs of 
Elasmobranchs, which resemble Fowls’ eggs in the supeiabund- 
ance of their yolk, are by far the laigest Teleostomi ha\e 
much smaller eggs The largest Teleostean ova aie those which 
are heavy and sink (demersal ova) , the smallest, those which 
are buoyant and float (pelagic ova) Of the formei, the eggs of 
Gymnarclhus are about 10 mm in diameter, those of the Salmon 
about 5 mm , and those of some species of A?ziis, 5 to 1 0 mm 
The eggs of the Wolf-Fish {AnmrMchas lujpus) aie al)out 6 mm 
Smaller demersal ova are those of the Lump-suckei {Gi/clopterus) 
and Reterotis, which aie 2 6 and 2 5 mm respectively Pelagic 

^ Hirota, Jowrn Ooll Sez Imp Umv Japan, vii 1895, p 367 

For the eggs of Cyclostomes see Chaptei XVI 

® For a descuption of the eggs and breeding habits, and the laival develop 
ment and migrations of British Maiine Fishes, see Mlntosh and Piinco, Tran^ 
Hoy Soc Bd%% 1890 , McIntosh, Ann Report Fishery Board foi Scotla'iid, 1892, 
Cunningham, Marketable Ma'ivne Fishes of the British l8land% London, 1896 , 
McIntosh and Masterman, Life Histones of the British Marine Food Fishes, 
London, 1897 , also numerous papers by Cunningham, Holt, Garstang, and Allen, 
in the Joum Marine Biol Assoc Flymouth, vols 1 vi 
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eggs aie very small, those of the Plaice, which are exceptionally 
large, varying fioin 1'65 to 1 96 mm. 

An egg-cell consists of living protoplasm and a nucleus, a 
cariahle quantity of non-living foocl-yolk, and of certain envelop- 
ing and protective egg-membranes. The ova of Fishes differ 
pnncipally in the amount and disposition of the food-yolk, m the 



Fig. 234, — Diffeient types of egg-segmentation in Fibhes A, a typical telolecithal egg. 
Holobliistic and unequal segmentation m Amia (B) and in Lepidosteus (C), D, the 
meroblastic segmentation of a Teleost Animal pole, em, egg-membiane , 

ma, niacromeres , m%, miciomeres, n, nucleus, og, oil globule ; j?, protoplasm, 
v.pj vegetative pole; y, yolk (Fiom Ziegler: A, after Hertwig, B, after Whit- 
man and Eycleshymer ; C, after Eycleshymer ) 

character of the egg-membranes, and in the presence or absence 
of special perforations in the egg-membranes for the entrance of 
spermatozoa into the eggs. In the small ova of some of the 
lower Chordata (e g Amphioxus), where the very small quantity 
of food-yolk is uniformly distributed, and its presence affects all 
parts of the egg alike, the process of segmentation which follows 
fertilisation results in the transformation of the entire egg into 
a mass of approximately equal-sized cells or blastomeres (Fig. 82). 
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The eggs are therefore described as “ aleeitlial ” and the segmenta- 
tion as being “ holoblastic ” and “ ef[uaL On the other hand, all 
Fishes possess “ telolecithal ” eggs, that is, ova in which the food- 
yolk is more or less abundant, and tends to accnnuilate at one 
pole of the egg (^Wegetative pole”), while the o])posite or animal 
pole ” consists of protoplasm, comparatively free from yolk 
granules and containing the nucleus (Fig. 2:U, A) The term 
telolecithal is, however, a somewhat comprehensive one, and 
covers important variations in the relations of tlie inert food- 
yolk and the living protoplasm in different Fishes, which greatly 
modify the process of segmentation. Thus there are some Fishes 
in which the amount of food-yolk at the vegetative i'>oIe is 
sufficient to retard segmentation in that part of the egg without 
actually preventing it, and consequently segmentation begins in 
the animal pole, and takes place more rapidly there than it does 
when it extends into the vegetative pole. Hence it follows that 
although the entire egg is segmented the blastomores are of 
unequal size, the animal pole giving rise to a Lirge number of 
small cells or micromeres, and the vegetative pole to a smuller 
number of much larger cells or macromeres. The segmentation 
of such an egg is said to be holoblastic but une(j[ual (Fig. 234, 
E and C). This type of egg is characteristic of the Chondrostei, 
the Holostei, and the Dipnoi. In other Fishes, like the Elasmo- 
branchs and the Teleostei, the food-yolk so greatly j)reponderates 
that it entirely prevents segmentation in the vegetative x^art 
of the egg, and segmentation is restricted to the small mass of 
protoplasm (germinal disc) at the animal pole, in which the 
nucleus is situated (Fig. 234, D). Eggs undergoing xmrtial 
segmentation in this way are termed ‘‘ nieroblastic.” No hard 
and fast line can be drawn between the two tyx)es, and in the 
Chondrostei and Holostei an interesting transition l)etween the 
holoblastic and meroblastic ova may be observed. The egg- 
membranes are formed either hy the egg itself or by the 
epithelium of the ovarian ovisacs, and, as will shortly be seen, 
the character of the outer egg-membrane greatly influences the 
mode of deposition of the eggs and their location afterwards. 
Ill Elasmobranchs the egg is enclosed in a stout horny egg-shell, 
secreted by the oviducal shell gland.^ In many Fishes, as in 
the Chondrostei, Holostei, and Teleostei, the egg -membranes- 
1 See Chapter XVII. 



are perforated at the animal pole of the egg by a small aper- 
ture or '' micropyle,” winch is only large enough to admit of 
the entrance of a single spermatozoon at a time (Fig. 2S5). 
Generally, there is only a single imcropyle, but, according to 
Salensky, the Sturgeon (A. sturio) has from 3 to 9, and the 
Sterlet {A ruthenus) from 5 to 13. 

An important distinction may be made between the ova of 
different Teleostomi as regards their location after extrusion from 
the female. From this point of view two types of ova can be 
distinguished, demerscd and jpelagie ova Demersal eggs are 
characterised by their larger size and greater weight, so that they 
always sink after extrusion ; and by their opacity. They may 
either have an outer egg-membrane which is viscid and adhesive, 
so that the eggs readily adhere to one another or to foreign objects, 
or the membrane is smooth and non-adhesive The Salmonidae, 
for example, produce non-adhesive demersal eggs, which remain 
separate after being deposited on the gravelly bed of a stream 
Most freshwater and many marine shore Fishes have adhesive 
demersal eggs, which are deposited at the bottom of the water, 
generally adhering to one another in larger or smaller clumps, 
masses, or sheets, and attached to rocks, stones, or empty shells, 
like the eggs of many shore Fishes, or to aquatic plants after the 
fashion of the eggs of the Carp, Perch, and Pike, or even to 
branching zoophytes, as is the case with the eggs of the Sea-snail 
{Lijparis) In some adhesive eggs the external egg-membrane 
forms threads for their attachment. The eggs of the Gar-Fish 
{Belone), and those of the Saury Pike {Scomlresox) and of the 
Flying Fishes {Exocoetus), have viscid threads developed from 
opposite points on the surface, which are either attached to 
foreign objects or they become entangled with those of other 
eggs of the same species. The oval eggs of some of the Gobies 
have a bunch of fibres at one pole which serves to attach them. 
In the Smelt {Osinerus e'perlanus) a portion of the outer egg- 
membrane breaks away from the rest and becomes turned back, 
inside out, but remains attached to the egg at one point. By 
means of this membrane the egg is attached to rocks or stones. 
Pelagic eggs are distinguished by their lightness and buoyancy, 
so that they always float near the surface of the water, and by 
their smaller size and remarkable transparency (Fig. 235). A 
conspicuous feature in many of them is the presence of a single 
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large oil globule on the surface of the yolk, and not infrequently 
the yolk becomes partially or completely broken up into small 
maaRfis. Pelagic eggs are always non-adhesive and free, and they 
invariably belong to marine Fishes. Amongst the British food 
Fishes which produce pelagic ova may be mentioned the Gadidae 
{e.g. Cod, Whiting, Hake, Ling), the Pleuronectidae (e.g. Turbot, 
Brill, Sole, Plaice), Scombridae \e.g. Mackerel), Triglidae {e.g. the 
Gurnards), Percidae {e.g. the Bass), and Clupeidae like the Pil- 
chard and Sprat, but not the Herring, whose adhesive demersal 
eggs are deposited in clumirs on shingly banks in the sea at 
varying distances from the shore. 

The eggs of Elasmobranehs are deposited singly or in pairs at 
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Fig. 235. — Diagrams of the pelagic ova of a Cod or a Plaice (A) and of a Ling (il/oZm), 
Cr, Germinal disc ; 3/, micropyle ; O.G, oil globule ; 3’’, yolk. (From Cunningham.) 

considerable intervals, and the period of egg-laying is prolonged 
over a considerable part of the year. In most other Fishes, as in 
Teleosts, the period of spawning is limited to a few months, 
usually in the spring and summer in temperate latitudes ; and in 
the case of a single Fish it may last only a few days or weeks, 
but the number of eggs produced is often enormous. Thus, in a 
ling 61 inches long and weighing 54 pounds the ovaries con- 
tained 28,361,000 eggs. A Turbot, 17 pounds in weight, had 
9,161,000 eggs; and a Cod of 21| pounds 6,652,000. The 
least prolific of the British food Fishes is the Herring, in which 
the number of ovarian eggs varied from 21,000 to 47,000 in four 
specimens examined.^ The extraordinary fecundity of many Fishes 
seems to hear no relation to the relative abundance of the Fishes 
themselves, but rather it is to be associated with certain disad- 
^ Cunningham, op, cit. p. 69. 
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vantages attendant on the sexual relations of Fishes, involving a 
considerable waste of the sex-cells, while in many Fishes it no 
doubt helps to compensate for any subsequent mortality among 
the larvae, which may result from an uncertain and precarious 
food supply and from the attacks of enemies Whenever internal 
fertilisation is the rule, or when, as in nest-building and mar- 
supial Fishes, the propinquity of the sexes in the breeding season 
ensures the fertilisation of a larger proportion of the eggs and the 
protection of the young, the number of eggs produced is small. 

The male sex-cells or spermatozoa are essentially similar to 
those of other Vertebrates, although in different Fishes they may 
vary in such details as length, .and the shape and size of the 
head, which may be rod-like and wavy, elliptical or globular. 

As a rule, in Fishes females are more numerous than males, 
and generally they are larger, but to both statements there are 
notable exceptions. The relations of the sexes in the breeding 
season are usually very promiscuous, especially" in those Teleosts 
which discharge their sex -cells while swimming together in 
shoals. A female may, however, consort with several males 
(^polyandry), or a male with several females {polygamy) \ or, as in 
some of the nest-building Fishes (e.g. Gastrosteus), there are not 
wanting examples of the pairing of one male with one female 
{monogamy) 

Fishes often migrate at the commencement of the breeding- 
season to localities most suitable for the deposition of the eggs. 
Many marme species seek banks or shallower water near 
the shore, and some, like the Salmon and the Sturgeon, are 
anadromous, and ascend rivers for long distances to deposit their 
spawn. 

In all Fishes except the Elasmobranchs and a few Teleosts 
the fertilisation of the eggs takes place in the water after their 
extrusion, the male depositing its seminal fluid over the eggs or 
ill their neighbourhood. The waste of the sex -cells is often, no 
doubt, very considerable, especially when the eggs are adhesive 
and fixed, and the seminal fluid is liable to drift at the mercy of 
tides and currents. With pelagic ova the waste is perhaps not 
so great, inasmuch as the eggs as well as the spermatozoa 
would probably drift at the same rate and in the same direction. 
Liabihty to waste must also be greatly diminished in many 
Fishes by their habit of living in shoals, or of congregating 
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together m the breeding season, in which they aie sonietinies 
aided by their powei of emitting chaiacteiistic sounds, and m the 
case of nest-building Fishes by the still moie intimate relations 
of the sexes Even when the liabilit} to waste is veiy great, 
compensation may be afforded by exciptional fecundity Ihe 
copulation of the sexes and the internal fertilisation of the eggs 
occui only m Elasmobranchs and some Teleosts The copulatoij 
organs of Elasmobranchs are the so called “ claspeis with which 
the males are provided borne form ot copulation is piobabl} the 
lule in the viviparous Teleosts, where the eggs aie fertilised in 
the oviducts, or even while they aie still m the o\<ixies, and the 
young aie born ahve As mentioned above, an inti omittent 
organ is often formed by the prolongation of the genital oi the 
uiinogemtal orifice into a papilla, oi a longer oi shoitei tube^ 
borne Cypnnodontidae ^ (eg Anablejps) have the anterior pait of 
the anal fin modified in the male to form an inti omittent oigaii 
along which the uiinogemtal canal runs (Fig 1V4) In the 
females the genital aperture is coveied bj a special scale, which is 
fiee on one side and not on the othei The male oigan in some 
indi\iduals is turned to the right, in others to the left, and in 
some females the opening beneath the special scale is to the light, 
in others to the left Copulation thus takes place sideways, a 
left sided male pairing with a right-sided female and vice 
The anal fin also forms an intromittent organ in the “ Half-beak ” 
{Heimrliamjpluib) In a genus {(jr%i ardj%nv£) of the same family 
the anal fin is modified to foinji an apparatus for holding the 
female during sexual congress^ The singular method ol leitilisa- 
tion practised by the males and females of Galhchthys ;paleatus is 
referred to elsewhere ® 

With the exception of the pelagic Antennarius, which builds 
its nest in the Sargasso weed in mid-ocean, iiest-building and 
parental sohcitude for the young are confined to freshwater 
Fishes and to marme forms with demersal ova Pelagic ova 
must necessarily be beyond the scope of parental care As a 
rule it IS the male which acts as guardian nurse, the female 
troubling herself but little about the fate of her eggs or her 

^ Guitel, Arch Zool Exp6r et G6n (3), i 1893, p 611 

® Garman, Mem Mus Gomp Zool xix 1895, ITo 1 p 11 

® Cunningham, op c%t p 368 

H V Jhenng, Zeitsch/r w%ss Zool xxxvm 1883, p 468 ® See p 692 



BREEDING 


415 


olfepriiig. Perhaps the more primitive form of parental fore- 
sight IS exhibited hy those Pishes which, like the females of the 
Salinoiiidae, make a furrow in the gravelly bottom of a running 
stream for the reception of the eggs, and then cover them over 
with a layer of gravel, or like the Siluroid Arius austmhs, of the 
Puriiett river iii Queensland, which deposits its eggs in circular 
excavations in the sandy bed of the river and covers them with 
layers of large stones. But in neither case does it appear that 
either the male or the female takes any further interest in the eggs 
or in the young when hatched. Without actual nest-huilding, 
or even the preparation of a place for their reception, the eggs 
may be protected in various ways hy the male. The common 
British Gunnel or Butter-Pish \Plhohs gunnellus) rolls its eggs 



Rig 206 — The Rutter-Pish {Pholis qt(nneUus) coiling roimd a of eggs. 

(Fiom Cunmiigliam, after Holt ) 

into a rounded mass hy coiling its body round them, the male 
and female taking possession of them alternately. The little 
clumps of eggs are then deposited in holes made by the boring 
Mollusc, Pholas Some British Blennies attach their eggs m a 
single layer to the sides of cavities in rocks, or between stones, 
where they are watched over by the male parent. The eggs of 
the Lump-Sucker {Cydo^terus lumpus) are attached in masses to 
rocks or to piles and guarded by the male, who aerates them by 
keeping up a flow of water over the spawn through the action 
of his pectoral fins. When hatched, the young fry cling to 
the body of their watchful parent by their suckers. A more 
decided approach to nest -building is exhibited by the Sand 
Goby {Oolius minutus). In this species the male scoops out 
the sand from beneath an empty shell, generally that of a 
Pecten, and the female deposits her adhesive eggs on the under 
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surface of the shell. The male remains on guard, and by the 
movements of its pectoral fins promotes the aeration of this rude 
form of nest. Eeferences to some of the more striking examples 
of true nest-building in Fishes will be found in the systematic 
part of this volume, especially in those chapters treating of the 
Dipnoi and Amiidae, and such Teleosts as the Mormyridae, 
Osteoglossidae, Siluridae, Gastrosteidae, Centrarchidae, Osphro- 
menidae, Labridae, and Antennariidae. Other illustrations of 



Fig. 237. — Showing the embryos of Rhodetis avui) us in the gill-cavities of Unio, e, Em- 
bryor. ; g, inter-lamellar cavities ; au inter-lamellar junction. (From Olt) 

parental care are to be found in the development of mar- 
supial pouches or grooves for the reception of the eggs in the 
males of the Syngnathidae (Fig. 3-8 7) and the females of the 
Solenostomidae, and the use of the oral cavity for a similar 
purpose in the males, rarely in the females, of some Siluridae, 
and the males or females, according to the species, of the 
Cichlidae. The singular method by which the female As^predo 
safeguards both her eggs and her progeny is referred to on 
p. 696. The Cyprinoid, Bhodem amarus (the Bitterling '' of 
Central Europe), is unique in the means which it adopts to 
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secure the same result.^ By means of its long ovipositor the 
female Fish deposits its eggs in the mantle cavity of a Unio, 
or of an Anodon. Here they are fertihsed by spermatozoa 
carried in through the inhalent siphon of the Mollusc with the 
inspiratory water current, and they complete their development 
in the giU-cavities (Fig. 237)^ 

The time which elapses between the fertilisation of the egg 
and the hatching out of the young Fish varies greatly in 
different Teleosts. The eggs of some Clupeidae hatch in a very 
short time, two to three days 111 the Anchovy, and three to four 
days in the Sprat. In most of the British marine food Fishes the 
period rarely exceeds twelve to fourteen days. The larger 
demersal eggs with much food-yolk are longer in hatchmg , in 
the Salmon the time ranging from thirty-five to one hundred 
and forty-eight days. A low temperature lengthens the time. 
The eggs of the Herring which hatched m eight to nine days at 
a temperature of 52° to 58° F. took forty-seven days in water at 
32° F. 

The extent to which the development of the embryo proceeds 
while it is still enclosed in the egg-membranes, and consequently 
the condition of the embryo when hatched, depends largely but 
not exclusively on the quantity of food-yolk which is present in 
the egg and available for the nutrition of the embryo during its 
earlier stages. Embryos hatched from pelagic ova are very 
small and imperfectly developed. The mouth is usually not yet 
formed. The median fins, which later become isolated, are 
continuous, and the caudal fin is diphycercal, although it sub- 
sequently becomes homocercal after passing through a hetero- 
cercal stage. The blood is colourless, and even the gill-clefts 
may at first be lacking. In this condition the newly-hatched 
Fish is nourished at the expense of the residual food-yolk, which 
IS enclosed in a yolk-sac projecting from the ventral surface of 
the body (Fig. 2 3 8). As the yolk is gradually used up the mouth 
is formed, and the young Fish feeds on the minute organisms of 
various kinds living in the sea, and by degrees the form, propor- 
tions, and structure of the more mature Fish are acquired. In 
the case of the larger demersal eggs the young are not only 
longer in hatching, but when hatched they are larger and more 
advanced in development. The yoimg of many Fishes are 

1 Olt, ZHtsehr, wiss, Zool, Iv. 1893, p. 643. 2 Cf. p. 584. 

VOL. VII 2 E 
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provided witli larval or provisional organs, and they may be so 
unlike the adult in other respects that their subsequent develop- 
ment assumes the form of a more or less striking metamorphosis. 
As examples of larval organs, mention may be made of the adhesive 
or cement organs of the larval Chondrostei and Holostei, and of 
the Dipnoi (e.g. Protopterus and Le]pidosiTen), and also of a 
Teleost, probably the Mormyrid {Eypero'pisus hehe, Lac^p) ; ^ the 
cutaneous gills of the Crossopterygii and some Dipnoi ; the so- 
called external gills of such Teleosts as Cdbitis, Gymnarchus 
(Fig. 239), and Eeterotis, which are singularly like those of 
Elasmobranchs ; and the defensive spines which are developed 
on the scales or scutes of the trunk, and the dermal bones of 
the skull, in the young of some Plectognathi The most striking 
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Fig. 238.— Newly-hatched emhryo Teleost from a pelagic egg. Auditory organ; 
E, eye ; FM, continuous median fin ; Htj heart ; i, intestine ; A', nostril ; FA, 
yolk-sac. (From Cunningham.) 

metamorphosis to be found in Fishes occurs in the Flat-Fishes 
and in the Eels, an account of which will be found in other 
parts of this volume (pp. 685, 602). 

The only examples of viviparous Fishes occur in certain families 
of Elasmobranchs,^ and in five fami l ies of Teleosts, viz. the Blen- 
niidae, the Cyprinodontidae, the Scorpaenidae, the Comephoridae, 
and the Embiotocidae.^ In the Teleosts mentioned the eggs are 
fertilised while they are still either in the ovarian ovisacs or in 
the cavity of the ovary, and their development may take place in 
either position. In such Cyprinodonts as Qambusid and Anableps 
the embryos are developed in the o.visacs, but as a rule both 
fertilisation and development occur in the ovarian cavity. During 
a prolonged gestation the young are nourished partly by the food- 

1 Budgett, Trrnis. Zoot Soe. xvi. Pt. ii. 1901, p. 130. = gee Chap. XYII. p. 434. 

® Eigenmanu, EvZL Fi8% Oomm. (XJ.S.), 1892, p. 381 ; Arch, EritwickelungsTnech, 
iv. 1896, p. 126 ; Cuuningham, op. cit p. 356, et seq. 
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yolk present m the eggs, and partly by a nutritive secretion 
derived from the ovarian walls or from the epithelial wall of the 
ovisacs as the aise may he. In AnaUeps the secretion of the 
walls of the ovisacs is absorbed by papillae developed on 
the surface of the yolk-sac of the embryo along the course of its 
blood-vessels. The eggs of the Embiotocidae have little food- 
yolk, and the embryos are mainly nourished by the secretion of 
the ovarian walls, which is swallowed by the embryo and 
absorbed by villi on the inner surface of the intestine. The 
number of young produced varies considerably. In the Embi- 



Fig. 239. — Young Gymnarclms nilotiaus, with, its large yolk-sac (y.s) and its long 
external gills (From Budgett.) 

otocidae the ovaxian cavity contains 40 to 50 young. The 
viviparous Scorpaenid, Sehastes mrvegicus of Mforthern Europe, 
produces, it has been estimated, about 1000 young, while the 
Blenny {Zoarces vimparas), the only other European viviparous 
Teleost, produces from 20 to 300 or more, according to the size 
of the female. In the Blenny the eggs are hatched in about 
twenty days, but the young are not born until about four 
months after fertilisation, when they are about an inch and a 
half long, and in every outward respect similar to the adult 
Eish. 

Besides the distinction between the sexes resultmg from the 
different nature of their gonads and sex-ceUs, the males and 
females are often distinguished by secondary sexual characters 
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sexual dimorphisni ^). As mentioned above, females are usually 
larger as well as more numerous than the males, although in one or 
both respects the reverse may be the case. Secondary sexual char- 
acters are best marked in Teleosts, where they are generally related 
to the special role which each sex takes in the deposition and 
fertilisation of the eggs, and the nurture and protection of the 
young, of which examples have already been given. To a more 
limited extent they may be associated with the struggle of the 
males for the females, and in at least a few Teleosts the 
exuberant coloration of the males in the breeding season suggests 
that instances of courtship and sexual selection are not altogether 
wanting.^ 

Although the vast majority of Fishes are dioecious, instances 
of functional hermaphroditism are not unknown in a few Teleosts.^ 
Species of the Percoid genus Sermnus (e.g. S. cahrilla, S. hepatus, 
and S. scriba) are invariably hermaphrodite and self -fertilising. 
Clirysoplirys auratus is an example of successive hermaphroditism, 
the male and female sex-cells ripening alternately. As an 
occasional variation hermaphroditism has been recorded in several 
other Teleosts, including amongst others such well-known Fishes 
as the Cod, the Mackerel, and the Herring. The relations of 
the gonads in hermaphrodites is subject to much variation. 
In the Cod, for example, the testes may be double, each being 
continuous with the hinder end of the ovary of its side, or there 
may be only a single testis confluent with the anterior or the 
posterior portion, or with some other part of the surface, of either 
the right or left ovary. In other Teleosts individuals occasionally 
present themselves with a testis and an ovary on opposite sides. 

^ For a general account of Sexual Dimorphism in Fishes, see Cunningham’s 
Sexual Dimorphism m the Animal Kingdom^ London, 1900, pp. 178-227. Some of 
the more striking examples of Sexual Dimorphism are mentioned in the chapters 
dealing with the different families of Fishes. 

^ Holt, “On the Breeding of the Dragonet {Callionymus lyra)^” P.Z,S, 1898, 

p. 281. 

® Howes, Linn, Soc, Joum. Zool» xxiii. 1891, p. 539, where refei'ences are given 
to the literature of the subject. 
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CLASS I. CYCLOSTOMATA 

The Cyclostomata, or, as they are sometimes called, the 
Marsipobranchii, from the pouch-like, or rather sac-like, shape 
of their branchial clefts, are divided into two orders, the first 
comprising the " Hag-Fishes ” or " Borers,” and the second the 
Lampreys. 

Order I, Myxinoides. 

The Hag-Fishes are probably the most primitive of aU exist- 
ing Craniates. The mouth is nearly terminal, and there is no 
buccal funnel. The naso-pituitary involution communicates be- 
hind with the oral cavity and functions as a channel for the 
in-streaming water-current to the gills Four pairs of short 
tentacles, supported by a special tentacular skeleton, are present 
in relation with the mouth and the terminally -placed naso- 
pituitary orifice. The gill-sacs open directly into the pharynx. 
The branchial basket is but feebly developed, and at the most it 
is only represented by small isolated cartilages m relation with 
the external branchial apertures. The lingual apparatus is 
remarkably developed. Besides the lingual teeth there is only a 
single dorsal tooth in the roof of the mouth. The dorsal areualia 
are restricted to the tail, or they extend for a short distance only 
into the trunk. A spiral valve is absent. There is a row of 
mucus-secreting sacs along each side of the body. The brain has 
no obvious cerebral hemispheres, nor a cerebellum. Only one 
semicircular canal is present in the auditory organ. The eyes 
are degenerate, and the usual eye-muscles with the cranial nerves 
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supplying tliem have atrophied. The embryonic pronephros is 
retained in the adult. The eggs are large; segmentation is 
meroblastic ; and development is direct, without a larval meta- 
morphosis. Two families can be distinguished. 

Pam. 1. Myxinidae. — Gill-sacs not exceeding six pairs, with 
a common external aperture on each side of the body. 

The family includes a single genus, Myxine, of which the 
common Hag (ii! glatlnosct) from the North Atlantic is the best 
known species (Figs. 92, A, and 240). This Hag-Fish occurs 
off the coasts of Northern Europe, including the British Isles, as 
well as on the Atlantic sea-board of North America,^ southwards 
to Cape Cod. Other species are found off the coasts of Chili 



Fig. 240.— xTfyaiwe glutinosa. A, lateral view; B, view of tlie ventral surface of the 
head, showing the mouth and tentacles. Lateral pore-like apertures of the 

mucus-sacs ; % anus. 

and Japan. Myxine is quasi-parasitic in its habits, boring its 
way into the bodies of large Fishes. By means of its raspiag 
“ tongue ” it devours all the soft parts of its prey, leaving little 
more than a mere shell of skin and bones. The Fishes usually 
attacked are the Cod and other Gadoids, but the Sturgeon is not 
immune, and the presence of a Hag in the abdominal cavity of a 
Shark {Lamna cornubica) has been recorded. Myxine has the 
reputation of being very destructive to Fishes caught on lines, 
and it is said that whole catches ” have been destroyed by its 
depredations, so that North Sea fishermen have been forced to 
change their fishing-ground. To what extent the Hags attack 
Fishes which are living and free is somewhat uncertain, but the 
little evidence obtainable seems to point to the conclusion that, 
as a rule, they only prey on Fishes when the latter are hooked or 
netted, or injured or dead. When not seeking food the Hag lives 

^ The American Hags probably belong to a distinct species, M. Umosa Girard ; 
Bashford Dean, Sci^Tice (H.S.), xviL 1903, p. 433. 
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in the mud of the sea-bottom at depths ranging to nearly 350 
fathoms. They are able to swim very rapidly in an undulatory 
eel-like fashion. M glutinosa may grow to a length of nearly 
two feet. The Hag has been described as a protandrous herma- 
phrodite, that is, it is first a male and then a female, the gonad 
of the young first producing spermatozoa, and at a later period 
becoming an ovary and giving rise to eggs. This view has 
hitherto met with general acceptance, but it has recently been 
urged with some force that the presence of the two kinds of sex- 
cells in a young animal is no proof of functional hermaphroditism, 
since it is not uncommon to find immature eggs in the testis 
of many Vertebrates (Teleosts, Petrorayzon, Amphibia), where the 
assumption of hermaphroditism, to say nothing of its protandric 
form, is entirely unwarranted.”^ Myxine produces eggs similar 
to those of Bdellostoma, Hothing is known of its breeding 
habits, or of its embryology. 

Fam. 2. Bdellostomatidae. — Gill-sacs 6-14 pairs, all with 
separate external orifices. Bdellostoma (Fig. 92, B) is found on 
the Pacific sea-board of both North and South America, at the 
Cape of Good Hope, and on the coasts of New Zealand. The 
numerical variation of the gill-sacs m different species, and in 
different individuals of the same species, and even on opposite 
sides of the same individual, is very remarkable. Out of 354 
examples of the Californian species {B. stouti) examined by 
Dr. Ayres,^ 101 had 11 gill-sacs on each side, 26 had 11 on 
one side and 12 on the other; 208 had 12 on each side; 
11 had 12 on one side and 13 on the other; and 8 had 
13 on each side. Occasional specimens may have 14 gill-sacs 
on each side. The variations are apparently quite independent 
of size, age, or sex ; and when the gill-sacs are asymmetrically 
developed, the additional sac may be either on the right side or 
on the left. In the Chilian species there are 10 gill-sacs on each 
side, but in the species from the Cape of G^od Hope the number 
is reduced to 6 or 7. Bdellostoma, closely resembles Mycmte in its 
habits and mode of feeding. The Californian species attaches 
itself to the gills or to the isthmus of large Fishes, and then 
rapidly bores its way into the body, devouring the viscera and 
muscles but leaving the skin intact. It usually attacks large 

•u 

^ Basliford Bean, Kupffer’s Festschrift^*' Jena, 1899, p. 227 et seq, 

* Joum, Morph, xvii. 1898, p. 213. 
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Flounders and species of Sebasiodes, and it is especially destruc- 
tive to Fishes taken in gill-nets. At Monterey every net in 
the summer contains the empty shells of eviscerated Fishes, and 
when these are taken out of the water the Hag scrambles out 
with great alacrity. Large fishes of even 30 pounds weight are 
often captured without either flesh or viscera, and it cannot be 
supposed that they entered the net in this condition.^ The 
species lives on the sea-hottom most abundantly at a depth of 
10-20 fathoms, but becomes rarer as the water deepens or 
becomes shallower. 




Fig. 241. — A, Cluster of the eggs of JBdenostoma stouti, connected by the interlocking of 
their anchor-shaped filaments ; B, the animal pole of an egg, showing the polar 
“ anchors ” and the opercular ring. (From Bashfoid Dean.) 


The eggs of the Californian jBdellostoma are large, varying in 
size from 14*3-29 mm. in length, and from 6*8—10*5 mm. in 
width, and each egg is enclosed in a horny egg-case secreted 
by the epithelium of its ovarian ovisac^ (Fig. 241). At each 
pole of the egg-case there is a tuft of numerous horny filaments 
which end in 2-3- or 4-hooked, anchor -like extremities. In 
the centre of the tuft of filaments at the animal pole of the egg 
the egg-case is perforated by a micropyle, and a little below this 

^ Jordan and Erennann, SuHl. JI.S. Nat. Mus. No. 47 ; The Wishes of North 
and Middle America^ Pt. i. 1896, p. 6. 

2 B. Dean, ojp. cit. p. 230 et seq. 
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point the case is encircled by an opercular groove, which enables 
the polar portion to be thrown off like a cap at the time of 
hatching, so as to allow the young BdeUostoma to make its 
escape The large size of the egg, which almost completely fills 
the cavity of the egg-case, is due to the fact that it consists 
mainly of food yolk, the germinal protoplasm containing the 
nucleus forming only a small hillock near the inner extremity of 
the micropyle. Bdellostoma spawns during the greater part of 



Fig. 242 — Embryo of Bddlostoym stoidi near the time of hatchmg 
(Prom Basbford Bean ) 


the year, but chiefly in the early summer, and probably about 
20 eggs are deposited at one time, generally on a shelly or 
rocky bottom. After deposition the eggs become connected 
together in long chains or clusters by the interlocking of their 
polar hooks. Fertilisation takes place after extrusion, and the 
segmentation is meroblastic and discoidal, much as in Teleosts. 
The embryo completes its development within the egg, and when 
hatched it is a miniature of the adult. 


Order II. Petromyzontes. 

In the Lampreys there is a large suctorial buccal funnel 
leading behind and above into the mouth, which is supported 
by special cartilages, and furnished with a marginal fringe of 
small cirri. Numerous horny teeth are present on the inner 
surface of the funnel as well as on the tongue. The naso-pitui- 
tary involution forms a caecum and does not communicate with 
the mouth. The gill-sacs, seven in number, open externally by 
separate orifices, but internally they open into a median branchial 
canal, situated below the oesophagus and openmg into the mouth 
in front. There is a well-developed branchial basket. Dorsal 
arcualia are present throughout the precaudal as weU as in the 
caudal region. A rudimentary spiral valve is present. The 
brain consists of parts usually present in other Craniates, includ- 
ing cerebral hemispheres and a cerebellum. The auditory organ 
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has two semicircular canals, and the eyes are not degenerate. 
The pronephros is suppressed in the adult. The eggs are small ; 
the segmentation is holoblastic ; and there is a larval meta- 
morphosis, There is but one family. 

Fam. 1. Petromyzontidae. — The family has a nearly world- 
wide distribution. Most Lampreys are marine, although to a 
greater extent in some species than in others, but all of them 
seem to ascend rivers for spawning. The genus Fetromyzon is 
characteristic of the northern hemisphere, where it is repre- 
sented by various species on the coasts and in the rivers of 
Europe, West Africa, Japan, and North America. Three species, 
widely distributed in Europe, occur in the British Isles, viz. : 
— ^the Sea-Lamprey (^Fetromyzon 7narimts), which may reach or 
even exceed three feet in length, and is also found on the west 
coast of Africa and on the Atlantic coast of North America ; 
the “ Lampern '' or fresh-water Lamprey (P. Jimiatilis), about 18 
inches long; and the Sand-Pride, Sand-Piper, or lesser fresh- 
water Lamprey (P. 'planeri), usually less than a foot in length. 
Ichthyomyzon, Bathymyzon, Enter sjphenuSj and Lamjpetra are also 
northern forms, collectively distributed along the Atlantic and 
Pacific coasts and in the rivers and great lakes of North 
America.^ Other Lampreys occur only in the southern hemi- 
sphere. Geotria is common in the rivers of Chili, Australia, 
and New Zealand ; and another genus, Mordacia, has a parallel 
distribution, being vfound on the coasts of Chili and Tasmania. 
A new genus and species from Chili has been recently 
described under the name of Mctcro;plitlhalmm cMlensis? 
This Lamprey, which is only 107 mm. in length, has re- 
markably large eyes (2*5 mm. in diameter), vertically com- 
pressed gill-clefts, and a simple dentition resembling that of 
Myxine, All Lampreys are carnivorous. They feed by attach- 
ing themselves to the bodies of Fishes by their suctoral buccal 
funnels, and then rasping off the flesh with their lingual teeth. 
While thus engaged they are carried about by their victims. 
Salmon have been captured in the Ehone with the marine 
Lamprey attached to them. The Lamprey usually keeps near 
the bottom, either swimming with a graceful serpentine move- 

^ Jordan and Evermann, op, dt p. 9 et seq, 

3 Plate, Sitzungsb. d, Gesellsch, Ndturforsch, Freunde Berlin, No. 8, 1897, 
p. 137. 
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ment, or attached to stones by the buccal funnel In the sprmg 
the Sea-Lampiey ascends the iiveis to spawn, and, alter deposit- 
ing its eggs in fuiiows which it excavates in the ii\ei bottom, 
it leturns to the sea The iivei-Lampiejs spawn in the smallei 
stieams and biooks The North Ameiican BiooL-Lamprey, 



Tig 243 — Spawning of the Brook Lamprey (P wUden) On the right side of the figure 
a male is attached to the head of a female (I^om Bashford Dean and F B 
Sumner ) 

Fetromyzon {lampetra) w%lden, which is found in the neighbour- 
hood of New York, deposits its eggs on the gravelly bottom of 
a brook, in a small gravel-filled hole lying between a numbei 
of large rounded stones^ (Tig 243) In the vicinity of the 
"nest” some ten to twelve Lampreys congregate, the males, 
however, being much more numerous (five to one) than the ^ 

^ Bashford Doan and F B Sumner, Ttcctis iV Y Acctd Sli xvi 1897, p 321 
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females. Much energy is spent by both sexes in moving stones 
by lifting them with the buccal funnel, but it is not always 
clear that this is done to circumscribe the neat, or to remove 
impeding obstacles. Eventually, a male attaches himself to the 
back of the head of a female, who at the same time is holding 
fast to a stone. The male then rotates its body so that the 
urino-genital papilla is brought near the genital orifice of the 
female, and the simultaneous extrusion of eggs and spermatozoa 

at once follows. Owing to 
rm\ small amount of food- 

Wm L z i M ^ which they contain 

^ y m Lamprey 

J \ j ' (e.g. jP. ;planeTi) are small, 

^ 4 measuring about 1*1 — 1*2 

J iw « Im^gth, and from 

' ^ ^ ^ 0*9 -1*0 mm. in width. 

^ S m iS There is a micropyle at 

I 9 f * animal pole of the egg, 

^ i 9 I / 1 l>ut the characteristic horny 

- ^ fl If **1 egg-case and tlie polar 

' S 1 -^ hooks of the Myxinoids 

I ‘ fl L/ I are both wanting. The 

^ r 1 embryo hatches out as a 

T. TT j ..AT, A " V * Tn .7 • l^rva> known as the ‘‘Am- 

Fig. 244. — Head of the Ammocoetes of 

tiVis. A, ventral view ; B, side view. 1, mocoetes.^ At this Stage 

First trauohial aperture ; eye, eye ; U lover f development the larva 
lip J 9 ia.(zj?, naso-pituitary aperture ; uJ, upper j^xxxv^xxu xmix y«, 

lip. (From Parker and Haswell, after W. K. lacks Several of the moSt 

striking features which 
characterise the adult, and it is highly probable that the Amnio- 
coetes represents a stage in the evolution of Yertebrates in some 


respects intermediate between Amjphioxus and a very primitive 
Craniate. The mouth of Ammocoetes is bounded laterally and in 
front by a curious hood-like upper lip, and behind by a short 
transverse lower lip (Fig. 244). The eyes are deeply seated and 
rudimentary, and as visual organs they are useless, but the parietal 
eye is well developed. As in the adult, there are seven pairs of 
gill-sacs, but they open internally into a pharynx, directly con- 
tinuous behind with the rest of the alimentary canal, and there 
is no dorsal oesophagus. Like the skull, the branchial basket • is 
still very rudimentary. The dorsal and caudal fins are con- 
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tinuous. A gall-bladder is present, and also a bile duct open- 
ing into the gut. In its mode of life, and especially in the 
manner in which it obtains its food, Amniocoetes presents a 
most remarkable resemblance to Ampliioxus and the Ascidians. 
In the median line of the pharyngeal floor there is an open 
groove, the hypopharyngeal groove or endostyle, and a tract of 
ciliated cells along the dorsal wall represents a hyperpharyngeal 
groove : connecting the two in front there is a peripharyngeal 
cilated groove ^ The Animocoetes feeds on small food particles 
earned through the mouth into the pharynx by currents of 
water produced by ciliary action. The food becomes entangled 
in strings of mucus probably secreted by the cells lining the 
endostylar groove. The mucus is then swept upwards in the 
pharyngeal groove, and finally wafted backwards to the stomach 
and intestme by the cilia of the hyperpharyngeal band The 
skin exhibits the remarkable peculiarity of containing a peptic 
ferment capable of digesting proteids in a *2 per cent solution 
of hydrochloric acid. As the larva lives buried in the mud, the 
epidermic secretion probably helps to keep the skin free from 
bacteria, microscopic spores, and fungoid, or other, parasitic 
growths.^ The young Lamprey lives as an Ammocoetes from 3-4 
years, and then in the course of a few weeks in the winter it under- 
goes a metamorphosis, losing its larval characters and acquiring the 
structure and habits of the adult. Luring this period the buccal 
funnel is completed and teeth are developed. The eyes approach 
the surface and become functional. The continuity of the median 
fins becomes interrupted. The endostylar groove becomes trans- 
formed into a thyroid gland, the gall-bladder disappears, and the 
bile duct becomes obliterated and changed into a mass of small 
follicles. The skull and branchial basket complete their develop- 
ment. At the same time the pharynx loses its connection with the 
rest of the alimentary canal and remains as the branchial canal. 
The so-called oesophagus of the adult is apparently a new formation 
which grows forwards and acquires a connection with the mouth. 
It is probable that it represents a hyperpharyngeal groove con- 
stricted off from the dorsal wall of the pharynx. 

Both the marine Lamprey and the '' Lampem ” are captured 

1 Dohin, Mitth. Zool. Stat, Neapel, vi. 1886, p 69 ; Shipley, Quart Journ, 
Mi&osc Sob, xxvii. 1887, p. 825. 

2 R. Alcock, Joum, Anat amd Phys. xiii, (l^.S.), 1899, p. 628. 
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for food, either by nets or wicker traps. Formerly the Lampern 
was taken in enormous numbers in several British and Irish 
rivers, especially in the Severn from February to May, and in 
the Thames during May and June, but for vaiious reasons the 
supply has much diminished in recent years. The Lampern 
makes excellent bait for Cod and Turbot, and for this purpose 
large numbers used to be taken in the Trent and Thames for 
despatch to Grimsby and other fishing ports.^ 

^ Day, Fishes of Great Britain and Ireland, Lond. ii. 1880-84, p. 360. 
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ELASMOBEANCmi : GENBEAL CHAEACTEKS — PLEUEOPTBEYGII — 
ICHTHYOTOMI — ACANTHODEI — PLAGIOSTOMI — SELACHII — 
BATOIDEI — HOLOCEPHALI 

CLASS 11. PISCES. 

Sub-Class 1, Elasmobrauchii. 

In both tbe ancient and the modem Sharks, Dog-Eishes, and 
Hays, the exoskeleton takes the form of a more or less tmiform 
investment of dermal denticles or “shagreen.” The endo- 
skeleton is wholly cartilaginous or partially calcified, and there 
are neither cartilage- nor membrane-bones. The vertebral column 
is acentrous or chordacentrous, generally with alternating basi- 
and inter-dorsal elements, and terminating in a heterocercal tail 
The skull is usually hyostylic, very rarely amphistylic or auto- 
stylic, and the lateral halves of the primary upper jaw (palato- 
quadrate cartilages) usually meet in a highly characteristic 
median symphysis beneath the base of the skuU. Branchial 
arches and clefts are five to seven in number, and the clefts are 
separated by complete interbranchial septa, which, as a rule, are 
continuous externally with the skin. An operculum is developed 
only in the HolocephalL A pelvic girdle is present. With rare 
exceptions the pectoral fin is uniseriai The pelvic fin is in- 
variably uniseriaL The exoskeletal supports of all the fins 
consist of ceratotrichia, and, when present, the fin-spines are 
invested by enamel. Olaspers are generally present in the males. 

In the surviving members of the group the nostrils retain 
their primitive ventral position. There is a conus arteriosus 
with several rows of valves. A spiracle, often furnished with a 
spiracular pseudobranoh, is generally present, and, as a rule, 
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theie IS a hyoidean hemibianch supplied with \euou& blood from 
the ventral aorta The gill-filameiitb aie attached thioughout 
their length to the intei branchial septi There is an optic 
chiasma An air-bladdei is not developed The intestine has a 
spiial valve, and there is a cloaca The gonoducts in both sexes 
aie derived from the kidney system The ova aie laige, few in 
number, and enclosed in homy egg-cases, and they aie feitilised 
before extrusion The segmentation is meioblastic, and the 
embiyo is fuimshed with long external gills 

The Elasmobranchs are foi the most pait active piedaceous 
Eishes, living at different depths m the sea, fiom the surface to 
neaily a thousand fathoms, and ranging from inid-oce in to the 
shallower waters round the coasts in almost eveiy part of the 
woild Although typically marine, the} sometimes ascend iiveis 
beyond the reach of tides, and a few aie peimanent inhabitants 
of fiesh water They aie most abundant in tropical and sub- 
tropical areas, where they also attain then greatest size, and are 
numerous in temperate regions, but there are some species which 
are typically Arctic None of them are small, and some of the 
Sharks are the largest of li’vmg Eiohes All are caini\orous, but 
so diversified is their food that in different species it may range 
from other Fishes of no mean size to Molluscs, Crustaceans and 
other Invertebiates, oi even to plankton In their bleeding habits 
the Sharks and Dog-Fishes present many interesting features 
XJnhke the generahty of Fishes, the eggs are fertilised internally 
as a sequel to the copulation of the sexes For this purpose the 
males are furnished with special intromittent organs, the myxo- 
pterygia or so-called claspers, which aie developed as modifica- 
tions of the hinder portions of the pelvic fins ^ Each clasper is 
supported by an internal skeleton, consisting of several cartilages 
derived from the radialia of the fins, and is traversed along its 
inner aspect by a groove When sexual congress takes place the 
claspers are thrust through the cloaca of the female into the ovi- 
ducal orifices, and in some instances it is probable that they are 
retained in this position by hook-like denticles developed at 
their free extremities The semmal fluid then flows along these 
conduits into the oviducts, in the upper portions of which it meets 
and impregnates the eggs After fertilisation the egg is enclosed 
m a dark brown horny egg-case, secreted by the oviducal gland 
^ Den Da/nslce Ingolf Dxjgedit%o%^ ai Ko 2, Copenhagen, 189$ 
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As a rule each egg-cabe has but a single egg, hut in Rlnnolatiis 
and Trygonorlhina (Batoidei), both of which are viviparous, each 
case contains three to four eggs Geiierallj the egg-cases are 
somewhat quadrangular in shape, with the four angles, two at 
each end, prolonged eithei into short hoins, or into long tapeiing 
tendrils (Fig. 246). TJie oval egg-cases of the Heterodontidae 
are remaikahle not only for their size, but also for the piesence 
of a broad spiial lamina winding 
round the exterior of the case 
from one pole to the other (Fig. 

245) The iiiajoiity of the 
Sharks, Dog-Fishes, and Bays are 
viviparous, that is, the young are 
born alive , the rest, like the 
Scylliidae {e g the common British 
Dog-Fishes, Scylhum canicula and 
S, catidns), the Heterodontidae, 
and the Eaiid<ie aie oviparous, 
that is, the young are hatched out 
after the extrusion of the eggs. 

In the oviparous species the eggs 
aie extruded either singly or in 
pairs, and generally deposited on 
the sea-bottom. When, however, 
the egg-cases are provided with 
tendrils, as, for example, in the 
two British Dog-Fishes just men- 
tioned, these organs act as anchor- Eig. 245. -Egg-case of Het&rodmtus 
^ TTTi T {Gestrucion) gaUatiis (From Parker 

ing filaments. When extiuding and HasweU, alter Waite ) 

an egg, the female swims round 

and round some piece of upright seaweed, and the curling tendrils 
become entwined round it in such a way that the egg becomes 
securely attached thereto (Fig 246)^ The embryos are long m 
developing, and in Scylhum it may be several months after 
fertilisation (200 to 275 days) before they are hatched, the 
young Fish finally escaping through a rupture in the egg-case. 
In the oviparous species the nutritive food-yolk stored up, first 
in rhe egg and subsequently in the yolk-sac (Fig. 248), suffices 
for the nourishment of the embryo until the period of hatching, 

^ Ounningliani, MarJcetdbU Ma/rme Fishes^ London, 1896, p. 64. 

VOL. vn 2 F 
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but iu viviparous forms, whose ombiyonio clevelopmeut is 
completed within special uterine dilatations of the oviducts, 
additional means of nutrition are provided for the young. Such 
Elasmobranchs as Sjpinnx, Acantliias, Ceuiriiia, h^c^ninus, Trygon, 
Torpedo, and Myliohcdis have long filaments (villi or trophone- 
mata) developed from the inner surface of the uterus, which 
secrete a nutritive fluid, and tliis fluid is eitlier absorbed by the 
blood-vessels of the embryonic yolk-sac, or it is taken up by 
the embryo in some more direct manner. In some of the 
Trygonidae and Myliobatidae of the Indian Ocean it seems prob- 
able that the secretion is taken into the alimentary canal of 
the embryo either through the mouth or through the open 



Fig. 246. — Egg of the Spotted Dog-Fish canicida), showing its mode of 

attachment after extrusion. (From Hei twig, alter Kopsch. ) 

spiracles.^ One species, Ptero;platm micrura, has its long and 
highly vascular and glandular trophonemata gathered into two 
bundles, which are thrust through the huge spiracles into the 
pharynx of the embryos, of which there may be from one to three, 
and the nutritive secretion is apparently digested in the 
alimentary canal of the embryo and absorbed by the foetal 
blood-vessels (Fig. 247). A few Sharks, like most species of 
Micstehis, develop a placenta when the food-yolk in the yolk- 
sac of the embryo is nearly used up. Folds or projections from 
the highly vascular wall of the yolk-sac interlock with similar 
vascular folds of the lining membrane of the uterus, and a 
diffusion of nutrient material takes place from the maternal 
blood in the uterine blood-vessels to the foetal blood in the 
^ Wood-Mason and Alcock, Proc. Roy. Roc. 49, 1891, p. 359. 



XV 1 1 


ELASMORRANCHII 


435 


vessels of the yolk-sac.^ Each embryo has its own placenta, and 
111 Mustehis ayitarcticus the uterine portion of the oviduct is 
divided hy septa into several chanihers, each containing a single 
cinhryo ^ It is worthy of note that in the viviparous species a 
distinct hut very thin, delicate egg-case is formed, occasionally 
even with the rudiments of tendrils, which may either he 
retained or thrown off in the 
uterus. The G-reenland Shark 
(^Laemargus lore alts') is unique 
amongst Elasmobranchs Its 
eggs are small and unprotected 
hy egg-cases, and their fertilisa- 
tion IS said to he effected in the 
water after deposition, as in the 
generality of Fishes. 

Fossil remains of Elasmo- 
hranchs in the shape of fin-spines 
(ichthyodorulites) and dermal 
denticles, associated with various 
Ostracodermi (Coelolepidae, Ptei- 
aspidae, and Cephalaspidae), are 
amongst the earliest undoubted 
indications of Yertehrate life. 

They first appear in the Upper 

Ludlow Bone Bed and in Silurian FlO. 247 —Embryo of an Indian sting 

T . ,v j. i? T? Ray {Pteiovlotea micmra) as seen 

rocks in other parts of Europe, the ntems is laid open, t t, 

and in Noith America: and in *^'^0 bundles of trophonemata m- 

, . , - serted into the spiracles, ap, sp, 

greater or less abundance the (From Wood-Mason and Alcock ) 

group is represented in almost 

ev^ery subsequent geological period. It cannot be said that the 
group shows signs of decadence, for Elasmobranchs still survive 
in apparently undiininished numbers and variety in the marine 
fauna of the present day. 

The Elasmobranchs are certainly a very piimitive race of 
Fishes. Their earliest representatives of whose structure we 
have any precise knowledge (e g. Gladoselache and Fleuracantlms) 
are in many respects the most archaic of known gnathostomatous 

^ Leydig, Mikrosk. Anat, u, Entwich d, JRochen Saie, Leipzig, 1852, p. 90 

sf>q 

2 T L Parker, Tram New Zealand Inst%L xxii. 1889 (1890), p 331. 
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Craniates, and from such types as these, amongst others, we may 
reasonably look for the ancestors of all or most of the remaining 
groups of Fishes. It has been well said of Plcimtcanth us that 
it is a form of Fish which might with little modification become 
either a Selachian, Dipnoan, or Crossopterygian,’' ^ while the con- 
dition of the primary 
upper jaw in the Chon- 
drosteaii Pohjodom sug- 
gests that even the more 
primitive Actinopterygii 
had an Elasmobranch 
origin. The important 
researches of Dr, Tra- 
quair render it also 
highly probable that the 
ancient Ostracodermi 
may claim kinship 
through their Coelolepid 
ancestors with some primitive type of Elasmobranch ; and within 
tlie limits of the group there is ample evidence that differentia- 
tion has taken place on many divergent lines, of which we have 
notable examples in such specialised offshoots as the Acanthodei 
and the Holocephali, to say nothing of several highly specialised 
families which became extinct at successive periods in the history 
of the group. 



Fig. 248. — An embryo Shark, 'with its yolk-sac 
(y.s) , spiracle. 


Order I. Pleuropterygii. 

The only certain representative of this group is the Palaeozoic 
form Cladoselache, probably the most primitive Elasmobranch at 
present known (Fig. 249). Elongated and somewhat cylindrical 
in shape, Cladoselache^ has a terminal mouth, five or possibly 
seven pairs of branchial clefts, and a pair of olfactory organs, 
lateral in position near the extremity of the snout. Wide-based, 
triangular pectoral and pelvic fins, a low anterior and a posterior 
dorsal fin, devoid of spines, and a heterocercal caudal fin with 
homocercal tendencies, are present, but no anal fin has yet been 

^ Smith Woodward, Vertebrate Palaeontology ^ Cambridge, 1898, p. 32. 

2 B. Dee.n.Jo'wm, Morph, ix. 1894, p. 87. Tram. New YorlcAcad. Sd. xiii. 1894, 

p. 116. 
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detected The exoskeleton consists of minute lozenge -shaped 
denticles, which invest the body and extend on to the surfaces 
of the fins, and there is also a circumorbital ring of several con- 
centric rows of small square plates. A lateral line, in the form 
of a groove between two rows of denticles, extends along each 
side of the body. The notochord is persistent. Calcified neural 
and haemal arches (basidorsals and basiventrals) have been ob- 
served in the caudal region, where they correspond numerically 
with the remains of the inyotomes, but interdorsal or inter- 
calary arcualia seem to be absent. The upper and lower jaws, 




Pig 249. — Restoration of Glcfdosdache fyl&n. Lateral and ventral views. 
(From Pai’ker and Haswell, after Bean. ) 


similar in size and shape, are apparently supported by a hyo- 
mandibular cartilage ; hence the skull is hyostylic. The endo- 
skeletal supports of the pectoral, and especially those of the 
pelvic fins, exhibit a more primitive disposition than in any 
other Fishes. They extend nearly to the distal margins of the 
fins, where they seem to interdigitate with the proximal ends of 
feebly-developed ceratotnchia (Fig. 145). The extension of the 
fins in the horizontal plane, the gradual shading off of their 
broad bases into the sides of the body, and the resemblance 
between their radialia and those supporting median fins, are very 
suggestive of the origin of the paired fins from continuous lateral 
fin-folds. Claspers are absent. The dentition is well developed, 
and several roTO of teeth seem to be functional at the same time. 
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Each tooth consists of a broad base, supporting a long pointed central 
cusp and a variable number of similarly shaped but much shorter 
lateral cusps. The teeth in the various transverse rows from 
without inwards are closely wedged together by the interlocking 
or overlapping of their bases. 

Fam. 1. Oladoselachidae. — Several species of Gladoselache, 
varying from 2 to 5 feet in length, have been found in the 
Cleveland Shale (Upper Devonian) of Ohio. Isolated teeth 
similar to those of Cladoselaclie occur in the Lower Carboniferous 
of Europe, India, and Korth America, and have been referred to 
various species of the genus Cladodus, but with one exception 
nothing more is known of the structure of these Eishes, and 
consequently their relationship to Gladoselache is doubtful. 
C. neilaoni} from the Lower Carboniferous (Calciferous Sand- 
stones) of Kilbride in Scotland, has a very different type of 
pectoral fin, which appears to be distinctly uniserial, but inter- 
mediate in structure between the biserial fin of FlenracantMis 
and that of the modern sharks. There are several other genera 
from the Devonian and Lower Carboniferous whose claims to 
inclusion in this group rest on no better foundation. 


Order IL Ichthyotomi. 

While more specialised than the Pleuropterygii the Fishes 
included in this group represent an extremely generalised type 
of Elasmobranch, which, as already indicated, may easily have 
been the ancestor of more than one group of Fishes. In the 
typical genus FI eicr acanthus ^ (Yig. 250)^ the body is elongate, 
but slightly depressed, with a terminal mouth, and a tapering 
diphycercal tail fringed above and below by a continuous caudal 
fin. A long dorsal fin, two small anal fins, and well-developed 
paired fins with contracted bases, are present. The head is 
armed with a prominent, serrated, dorsal spine, but it is doubtful 
if dermal denticles (shagreen) are present. The vertebral column 

1 Traquair, Geol. Mag. (3), v. 1888, p. 81 ; Trans. Gcol. Soc. Glasgow, xi. 1897, 
p. 41. 

For references see Zittel’s Text-Book of Balacontology (Eng. trans. ed. by C. R. 
Eastman), London and Kew York, ii. 1902, pp. 22-23. 

® See also restoration of Pleuracanthus gaudryi from th.e Coal-Measures of 
Commeiitry, Allier, France, by C. Brongniart ; Zittel, op. cit. p. 23. 
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IS acentrous, and the persistent notochord supports a series of 
hasidorsal cartilages, which alter- 
nate with small interdorsals, a 

series of basiventrals supporting s o «« g 

small ribs, and in the caudal ^ irV^ 1 « i 2 

region well - developed haemal ^ 
arches. The dorsal fin is sup- ^ 

ported by slender, tri-segmented ^ 

radialia, which appear to he jo ^ | 

twice as numerous as the neural u 

arches in the trunk, but in the / 3 II.®' 

dorsal lobe of the caudal fin ^ 

the two structures agree in 

number. V entrally - prolonged ^ q § » s o 

haemal spines are the sole endo- 3'=^^*' 

skeletal supports of the inferior l^" z § 1 1 

lobe of the caudal The coraco- | ^ ® 

scapular cartilages of opposite ^ f 

sides remain distinct, and each \ 

supports a hiserial fin. The : i^Tr 

Xjelvic girdle is represented by ' ^ J ;; | © 

a pair of small cartilages sup- ■ " (2 III 

porting the basipterygia. The ; I 

pelvic fins are uniserial, with | ^ | £cq 

post-axial skeletal supports for ^ 

claspers in the males. Both m 

the median and the paired fins 

are provided with marginal R ^ 

ceratotrichia. The skull is B 2 i § « 

probably amphistylic. Five, n 3 § a |l 

possibly six or seven, branchial g © J plT ^ 

arches, bearing clusters of 1^’'!^ 

minute denticles, are present. 

Circumorbital plates are want- | a i'S | 

ing. All the endoskeletal struc- I J" ^ 

tures are partially calcified. The jM# i I ^ i 

teeth are tricuspid, each with gr 2 

two long divergent lateral cusps 

and a minute median cusp ; the broad bases of the teeth overlap 
and articulate with one another by means of facets. 
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Fam. 1 Pleuracanthidae — The single family included m 
the group langes from the Lowei Caibonifeioub to the Lowei 
Peimian Within tliese limits the family is widely distributed 
in different foimations in Gieat Biitain, Continental Europe, 
New South Wales (Lowei Hawkesbuiy Eoimation), and Noith 
America Pltui acantlivs^ of which complete skeletons and skulls 
have been found, is the best knovvn genus 

Order III. Acanthodei. 

The Fishes comprising the Acanthodei ^ may be regarded as a 
highly speciahsed and terminal offshoot from some primitive race 
of early Elasmobianchs The Elasmobianch kinship of the Acan- 
thodei IS indicated by then exoskeleton of shagieen tubercles , 
the completely heteioceical tail, the absence of an operculum, 
the external gill clefts apparently being exposed, the position 
of the lateral line of the trunk between two lows of shagreen 
denticles, the nature of the powerful spmes in connexion with 
the dorsal and anal, and the pectoral and pelvic fins , and the 
formation of the hard paits of the skeleton, not by ossification 
involving the presence of bone-cells, but by the calcification of 
cartilage, or of more superficial inembianous or fibrous tracts 
On the other hand, it may be noted that the Acanthodei appear 
to have undergone much specialisation on Imes in some respects 
parallel to those which have marked the evolution of the 
Teleostomi, but by methods which aie simply an exaggeration of 
features normally characteristic of Elasmobianchs. Perhaps the 
most striking illustration of this is to be seen in the develop- 
ment of a species of secondary skull by an extension of a process 
of calcification as distinguished from ossification Hence the 
presence of membrane-calcifications in relation with the upper 
and lower jaws, whose development is proportional to the size of 
the teeth they support, and of smaller investing plates of the 
cranial roof. Similar exoskeletal calcifications, when most com- 
pletely developed (e g I)%jplacant1ius\ form a dorsally incomplete 
arch, apparently corresponding to a secondary pectoral girdle 
for the support of the stout pectoral spines, in which elements 

^ A Fntsch, Fauna der GaskohU vn B6kmm\ ii Piague, 1889 , Kner, BB 
Ahad TV%ss Wien Math JSTaturw Cl Ivu Pt i 18G8, p 290 Traquair, Geol 
Mag (S), V 1888, p 511, and (4) i 1894, p 254 



XVII 


ELASMOBRANCHII — ACANTHODEI 


441 


analogous to clavicles or cleithra and infra -clavicles can be 
recognised. Each pectoral si)ine forms the preaxial margin of 
the fin, and behind it there is a series of ceratotrichia. Nothing 
IS known of the endoskeletal supports, but having regard to the 
nature and proportions of the pectoral spines it may be inferied 
that the exoskeletal elements of the fins predominate over the 
former to an extent which is only paralleled elsewhere in the 
Teleostei. 

Apparently the notochord is persistent, and there are long 
and slender neural and haemal arches, but no ribs. The dermal 
denticles are uniform in size, and so small as to give a granular 
appearance to the skin. In structure they are thick, with a 
flat, enamelled, often sculptured, external surface, quadrate or 
rhombic in shape, and fitting closely together. Teeth are either 
absent or very minute, but sometimes (eg. Acanthodojpsis and 
Isclinacanthus) they are few in number and large, conical in 
shape, occasionally with minute cusps between the larger teeth. 
Claspers are absent. The Acanthodei are small Fishes, most of them 
being less than '3 m in length, and ranging from the Upper Silu- 
rian to the Lower Permian inclusive. Two families are recognised. 

Fam. 1. Diplacanthidae. — Two dorsal fins are present. 
Usually there is a row of lateral spines extending along each 
side of the body between the pectoral and pelvic fins. Exclusively 
Upper Silurian and Devonian. 

The genera Diplacantlim, Climatius, Farexus^ Futhacanthus, 
and Isclinacanthus are all found m the Lower Old Eed Sandstone 
of Scotland. Climatius and D%jplacanthus are also represented 
in the Devonian of Canada. 



Fig 251. — Restoration of Acanthodes ward% Carboniferous of England and Scotland. 
(Fiona Smith Woodward.) 

Pam. 2. Acanthodidae. — A single dorsal fin; lateral spines 
vestigial or absent. Lower Devonian to the Lower Permian. 


442 


FISHES 


CHAP. 


The widely-distributed genus Acantliodes (Fig. 251) is repre- 
sented in the Lower Old Eed of Scotland, the Devoniaii of Siberia 
and Canada, the Carboniferous of England and Scotland, and the 
Lower Permian of France, Germany, and Pohemia. Acctntlwdojpsis 
(Coal Measures), and Mesacantlms and Cheiracantliiis (Lower Old 
Pied) are the remaining genera. 


Order IV. Plagiostomi. 

Head prolonged in front of the ventrally-situated mouth as a 
more or less prominent preoral rostrum, vertebral column consist- 
ing of alternating basi- and inter-dorsal cartilages, generally 
supported by more or less well-developed chorda-centra. Pectoral 
and pelvic fins uniserial. Pelvic girdle and claspers present. 
Except in two families the branchial arches and clefts are 
invariably five in number. An operculum is not developed.^ 

Sub-Order 1. Selachii. 

Body elongate or fusiform, shading imperceptibly into a 
powerful swimming tail. Pectoral fins of moderate size, with 
contracted bases; not confluent with the sides of the head. 
Branchial clefts lateral in position. Yertebral centra generally 
asterospondylic or cyclospondylic. 

This sub-order includes such typical Elasmobranchs as the 
modern Sharks and Dog-Fishes as well as numerous fossil repre- 
sentatives ranging from the Carboniferous, and probably from 
still earlier periods, to the present day. 

Fam. 1, Notidanidae. — Body moderately elongate, the spine- 
less dorsal fin opposite the anal. Mouth ventral ; nostrils ventral, 
near the extremity of the snout, without oro-nasal grooves. 
Branchial arches and clefts six or seven. Interbranchial septa 
devoid of marginal frills. Notochord persistent and continuous, 
partially constricted by simple chorda-centra, each consisting of two 
distinct rings, without either concentric or radial lamellae, except 

^ Gu^ither, Study of Fishes, Edin. 1880 ; British Mus, Cat. Fishes, viii. 1870 ; 
Muller and Henle, Syst. Beschr. d. Plagwst. Berlin, 1841. Hasse, Naturl. Syst. 
d. Flasmobr. Jena, 1879. Goode and Bean, Oceanic Ichthyology, Washington, 

1895. Jordan and Evemiann, Fishes of North and Middle America, 

1896, Ft. i. Smith Woodward, Vertebrate Palaeontology, Cambridge, 1898 ; id. 
Brit. Mus. Cat. Foss. Fishes, i. 1889, ii. 1891 ; Zittel, op. dt. 
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in one species {Xoticlamis cinereiis), which exhibits a feeble 
asterospondylisni in the caudal vertebrae Skull amphistyhc. 
Teeth unlike in the two jaws , those in the upper jaw usually 
with a large central cusp and smaller lateral cusps ; those in the 
lower jaw comb-like; each consisting of numerous graduated 
pointed cusps inclining in the same direction, and supported on 
a long basal plate. 

The very few species included in this family are widely 
distributed in the tropical and subtropical regions of the Atlantic 
and Pacific Oceans. Xohdanus {Eejptanclius) cinereiis, which has 
seven branchial arches and clefts, inhabits the Mediterranean 
and Atlantic. K {Hexanclius) griseus, with six branchial arches 
and clefts, has a similar distribution, but besides being an 
occasional visitant to the British coasts, it is not uncommon at 
Cuba in the West Indies. It is said to grow to a length of 
26 feet. 

Fossil remains of Xotidanus, principally teeth, occur in the 
Middle and Upper J urassic, in the Cretaceous, and in the Eocene 
and Pliocene of England and the Continent 

Fam. 2. Ohlamydoselachidae (Frilled Sharks). — Body much 
elongate. Median fins as in Notidanus Mouth nearly terminal. 
FTostrils lateral, nearly terminal, and without oro-nasai grooves. 
Branchial arches and clefts six. The outer margins of the inter- 
branchial septa are produced into overlapping cutaneous frills, 
the first of which is developed from the hyoid arch and overlaps 
the hyobranchial cleft, like a rudimentary operculum. Vertebral 
column as in the preceding family, but in the hinder part of the 
trunk the notochord is unconstricted and uniform in diameter, 
centra being absent. Skull hyostylic Lateral Line an open 
groove. Teeth alike in both j*aws, each consisting of a broad 
basal plate supporting three slender curved cusps, separated by a 
pair of much smaller cusps. 

The only living species known is Clilamydoselaclius anguineus 
(Fig 252),^ which occurs in the Pacific near Japan, in deep water 
off Madeira, and also off the Azores and the coast of Norway. 
It reaches a length of 4 to 5 feet. Teeth from the Pliocene 
deposits of Tuscany have been referred to an extinct species, 
C lawleyi. 

’ Garman, Bull Mus. Comp. Zool. JEfarvard, xii. ITo. 1, 1885, p. 1 , Gunther, 
Chall. Eep. Zool xxii. 18S7, p 2. 
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Scarcely anything is known of the habits of the Notidanidae 
and the Chlamydoselachidae. It is evident that they are closely- 
related forms, and from the unusual number of their gill-clefts 
and branchial arches, and the condition of the vertebral column, 
it is also obvious that they are the 3nost archaic of modern 
Selachians. 



Fig. 252 . — QJdamydoselachus a7igui)mi$. ( Fi om G uutliei . ) 


Fam. 3. Heterodontidae (Bullhead Sharks). — Head large and 
high, with a blunt snout projecting but little in front of the 
small and almost terminal mouth, and with prominent supraorbital 
crests. Trunk thick-set and somewhat trihedral, covered with 
fine shagreen. Nostrils ventral but nearly terminal, with oro- 
nasal grooves. Spiracles small, beneath the eyes. Two dorsal 
fins, each with a spine in front, the first opposite the interval 
between the pectorals and pelvics, the second in front of the 
anal. Yertebral centra asterospondylic when fully developed. 
Palato-quadrate cartilages with an extensive articulation with 
the sides of the preorbital regions of the cranium, the normal sus- 
pensoria of a hyostylic skull (hyomandibular cartilages) taking 
little share in their support. Dentition similar in both jaws. 
Teeth at the symphyses numerous, small, and conical, furnished 
with three to five cusps in the young ; those behind broad and 
pad-like, arranged in oblique rows, the teeth forming the two 
middle rows being much larger than those in the front or behind. 
Living species, oviparous. Egg-cases large, with an external 
spiral lamina (Fig. 245). 

About four species belonging to one genus, Heterodontus 
{—Cestracion) (Fig, 253), or possibly to two, represent this 
dwindling family. All are inhabitants of the Pacific Ocean (Japan, 
Amboyna, Australia, the G-alapagos, and the Californian coast of 
North America). Little is known of their habits. They feed 
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piincipally ou Molluscs, the shells of which are crushed hy their 
massive grinding teeth. The different species vary in size from 
2 to 5 feet. 

The Heterodontidae were the most characteristic and abundant 
Sharks of the Mesozoic period. Amongst extinct genera Eylodus 
ranges from the Middle Trias to the Lower Cretaceous (Wealden), 
an allied genus, Acrodus, from the Middle Trias to the Upper 
Cretaceous (Gault). Fcdaeo^nax occurs in the Lias and 
possibly in the Upper Trias. Syneehodus is a Cretaceous genus, 
and Asteracanthus, which has laige hooked spines on the head, is 



Fig. 253 — Port Jackson Shark {Heterodonius philyppi). A, lateral view , B, mouth 
and nostrils, Clasper. (Prom a specimen m the Cambiidge University 
Museum.) 


characteristic of the Middle and Upper Jurassic. An even 
greater antiquity may be claimed for the Heterodontidae if, as 
is not improbable, such Palaeozoic Sharks as Orodus, Sphen- 
acanthus, Tristychius (Carboniferous), and WodmJca (Permian) 
belong to this family. Many ichthyodoruhtes are probably the 
ispines of various extinct Heterodontidae 

Fam. 4. Oochliodontidae.^ — This Palaeozoic family includes 
a number of Sharks probably related to the Heterodontidae, but 
of which little is known except their dentition. The teeth are 
in some respects similar to those of Heterodontus, except that 
those which appear to correspond to one or both of the middle 
rows of the latter genus tend to fuse and form a few large, 
convex, and often scroll-like plates. The typical Cochliodonts 
are exclusively Carboniferous (Europe and Horth America). 
Psephodus, Pleuroplax, Deltodus, Poecilodus, Oochliodus, Deltopty- 
chins, Helodus, and Menaspis (Permian) are characteristic genera. 

^ Smith Woodward, Nat. Smrice, i. 1892, p. 671. 
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Probably some ichtliyoJoriilites described under ^'a^ious generic 
names belong to this family. 

Pam. 5. Psammodontidae. — Teeth large, flat or slightly 
arched, oblong or quadrate, and arranged in one, two, or more 
longitudinal rows. Only the teeth are known, and from differ- 
ences in their shape, size, and surface markings, the genera 
Fsammodus, Arclieohatis, and Goiwdits have been recognised. 
The family is confined to the Lower Carl)oniferous of Great 
Britain and Ireland, Pmssia, Belgium, and North America. 

Pam. 6. Petalodontidae. — Teeth transversely elongated, with 
a blunt or a sharply-ridged crown, separated from a single or 
multiple root by a constricted neck, and disposed in transverse 
and longitudinal pavement-like rows ; exoskeleton of smooth, oval, 
rounded or quadrate shagreen denticles. Only the teeth, and in 
some genera the dermal denticles, are known, except in Janessa, 
which has a Eay-shaped body, with large pectoral tins prolonged 
tow’ards the head. The family is mainly confined to tlie Car- 
boniferous formations of Great Britain, Europe, and North 
America. Petedodus^ Jancssa (also represented in the Permian), 
Glossodiis, Pohjrhizodits, and Callopristodus are characteristic 
genera. 

Pam. 7. Scylliidae (Dog- Pishes). — Dorsal fins two in 
number, small, and without spines, the first above or behind 
the pelvic fins, the second usually behind the anal. Tail 
not bent upwards or but slightly so, without lateral keels. 
Spiracles present. Nictitating membranes absent. Vertebrae 
asterospondylic. Teeth small, each with a median cusp, and 
one to four small cusps on each side. Oviparous. Egg -cases 
(Pig. 246) large, quadrate, with long twining tendrils at the 
angles for attachment. 

The genus Scyllium includes the true Dog-Pishes (Pig. 254). 
The species are coast Pishes of small or moderate size, and are 
widely distributed in temperate and tropical seas, at depths not 
as a rule exceeding 400 fathoms. Two species, S. canicula and 
S. catUlus, are common on the British coasts, living near the 
bottom and feeding on Crustaceans and Molluscs. An allied 
form, PristiuTuSf is also common in European and British waters. 
ChiloscylliuTti is a widely-distributed genus ranging from the 
Cape of Good Hope through the Indian Ocean to the coasts 
of Australia, China, and Japan. Stegostoma tigrinum of the 
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Indian Ocean attains a length of 10 to 15 feet, and is remark- 
able for its handsome coloration of dark bands on a yellow 
ground, which has suggested the name of Tiger- or Zebra-Shark. 
The pelagic genus Qinghjmostoma has the terminal portion of the 
tail bent upwards, and grows to a length of 6 to 12 feet. It is 
lepresented by species in the Indian Ocean and the tropical 
parts of the Atlantic (West Indies and the west coast of Mexico) 
Crossorliinas includes species of large size, some of which are 
10 feet long Tliey are ground-sharks, frequenting the coasts of 
Australia and J apan, which lie on the bottom watching for their 
prey, and in accordance with this habit their coloration closely 
resembles that of their surroundings^ A large North Atlantic 
Shark (PseudotriaLis mico^odon\ of which only two specimens are 



Fig. 254. — A female Dog-Fisli {Scylhim caaescens), fiom the south-western coast of 
South America. (Fiom Gunther ) 


known, one taken on the Portuguese coast, and the other, 1 0 feet 
in length, off Long Island, on the Atlantic coast of North 
America, has the general characters of the Scylliidae, except that 
the first dorsal fin is opposite the interval between the pectoral 
and pelvic fins. Some Scylliidae live at great depths, Scyllium 
(Scylliorhinm) ^profmidorum having been obtained from a depth 
of 816 fathoms in the North Atlantic.^ 

Most of the fossil Scylliidae belong to existing genera. The 
earliest known representatives of the family occur in the Upper 
Jurassic (Lithographic Stone of Bavaria), where the extinct genus 
Palaeoscylhum, a near ally of the existing Scyllium, and Fris- 
tiurus, are found, nearly complete. Scyllium itself ranges from 
the Cretaceous through the different Tertiary formations. A 
species of Chiloscylhum has been recorded from the Miocene 
Tertiaries, and detached teeth of G^nglymostoma from the Eocene 
of Belgium and North America. An extinct genus (Mesiteia), 
which is found in the Upper Chalk of Mount Lebanon and the 
Upper Eocene of Monte Bolca, is remarkable for the enclosure of 
^ Gunther, Study of Fishes, p, 328. ® Goode and Bean, ojp. cit. p. 23. 
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its lateral sensory canals in a series of incomplete calcified rings, 
as in the Holocepliali. 

Fam. a Oarchariidae. — Sharks with two dorsal fins, 
the first in front of the pelvic fins and the second opposite the 
anal fin, both devoid of spines. Tail without lateral keels. 
Preoral rostrum elongated. Mouth crescentic. Eyes with 
nictitating membranes. Spiracles small or absent. Vertebrae 
asterospondylic. Teeth usually consisting of a single triangular 
cusp, with smooth, trenchant, or serrated margins, rarely with 
basal cusps ; generally with an axial cavity wdien fully developed. 
Viviparous. The family comprises about twenty genera, and 
approximately sixty species ; found in all seas, often in mid-ocean. 
Amongst the more important genera may be mentioned CarcliaTw 
(CarchaThinus)y OaleoGcrdo^ Triakis, TJiahcssorhinus, Gctleus, Mu§- 
tchts and Scylliogaleus, 



Fig. 255. — The Blue Shark {Ccirduunas glauciib), (From Muller and Henle ) 


Species of Garcharias are found in nearly all tropical and sub- 
tropical seas. The genus is a somewhat comprehensive one, and 
groups of its species have been distinguished as sub-genera under 
the names of Prionodon, Hypoprion, ScoHodon, Aprionodon} etc. 
One of the most widely distributed of the thirty to forty species is 
the Blue Shark, G, {Prionodon) glaucus (Fig. 255), of the Atlantic 
and Pacific Oceans, which may grow to a length of 2 5 feet, although 
the young forms not infrequently captured in British waters do 
not exceed 6 to 8 feet. It is a slender, swift, pelagic Shark, of a 
slaty-blue colour above and white underneath, and a voracious 
hunter of other Fishes. G. nicaragioensls, a Shark about 7 feet 
long, is confined to Lake Nicaragua and its outlet the Rio San 
Juan, and is one of the very rare strictly freshwater Sharks. 
GaJeocerdo is a large Shark found in temperate and tropical 
waters, but one species, G. arcticus, is confined to Arctic seas. 
The variegated G, tigrinus, or West Indian Tiger-Shark, is said 

^ Muller and Henle, op, cit. 
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to reach a length of 15 to 20 feet. The genus Galeus includes 
the small Sharks commonly known as “Topes/' which are 
common in nearly all tropical and temperate seas. The British 
species, G, canis, which ranges from 4 to G feet in length, is a 
bottom-feeding Fish, preying on Molluscs, Crustacea, Star-Fish, 
and small Fishes. The various species of Mustelm, or “Hounds,” 
resemble the Topes in their habits and distribution. Living 
principally on Molluscs and Crustaceans, the dentition has lost 
the trenchant, unicuspidate type characteristic of most other 
Carchariidae, and is adapted for crushing and grinding, the teeth 
being flat, without cusps, and arranged in pavement-like rows. 
Two species, M. mdgaris and M. laems, are abundant on the 
coasts of Europe and the British Isles. Scylliogaleus, which com- 
bines the general characters of Mustelus with nostrils similar to 
those of a Scyllium^ is known only from a single specimen from 
the coast of Hatal ^ 

The Carchariidae are comparatively modern Sharks. Ho 
undoubted remains are known earher than the Eocene, m which, 
as in the succeeding Miocene and Phocene deposits, they are 
represented principally by their characteristic teeth. The extinct 
fossil genera are few in number, and so far as their dentition is 
concerned they differ but little from their Uvmg alhes. 

Fam. 9. Sphyrnidae (Hammer-head Sharks). — In their 
general characters the Hammer-head Sharks agree with the 
Carchariidae. They are distinguished, however, by the remark- 
able shape of the head, which is prolonged into two conspicuous 
lateral lobes, supported internally by corresponding cartilaginous 
outgrowths from the post-orbital and the lateral ethmoidal or 
nasal regions of the skull, with the eyes at their distal extremities, 
and the nostrils in relation with their anterior margins. One 
genus and five species 

The Sphyrnidae are denizens of nearly all tropical and sub- 
tropical seas. S;phyrna {Zygaena) tudes occurs in the Mediter- 
ranean, and S. zygaena is a very rare visitant to the British coasts. 
A specimen over 13 feet in length was captured at Ilfracombe 
in 1865, and other examples have been taken off Banffshire, at 
Hewlyn in Cornwall, at Yarmouth, and in Carmarthen Bay.^ 
The shape of the head differs in different species, and in young 

^ Boulenger, A7m Mag. Nat. E^st. (7), x. 1902, p. 61. 

2 Day, British Fishes, London, 1880-84, ii. p. 294. 
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forms the peculiarities of the adult are less marked. In the 
Bonnet Shark {S. tihuro) (Fig. 25G, A), the head is crescentic or 
kidney-shaped, with prominent postero-kteral angles, and between 
this type of head and the more pronounced “hammer” of 
S. zygaena (Fig. 256, B) an almost perfect gradation is supplied 
by other species. The Hammer - heads arc voracious Sharks, 



Fig. 256. — Ventral view of the head and trunk (A) of a young Bonnet Shaik {^^phynia 
tiburo\ and (B) of a young male Hammer-head (*S. ^ytjcwnto), c, Clamper; d, 
cloacal aperture ; e, eye ; nostril ; n', nasal groove. 


usually living in deep water, and they may grow to a length of 
15 feet. As many as thirty-seven embryos have l)een taken from 
the oviducts of a female nearly 1 1 feet in length.^ 

Teeth assigned with more or less probability to Sjphyrna are 
found in the Miocene of Europe and North America. 

Fam. 10. Lamnidae (Porbeagle Sharks). — ^Large, stout-bodied 
Sharks with two dorsal fins, the first just behind the pectoral 
fins, the second, which is small, opposite the small anal fin ; both 

^ Cantor, quoted by G-untber, op. cit. p. 318 . 
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Without spines. Tail with a prominent lateral keel on each 
side. Nictitating membranes absent. Spiracles minute or 
wanting. Branchial clefts veiy wide. No oro- nasal grooves. 
Vertebrae asterospondylic. When fully developed the teeth are 
solid. 

In the genus Lamna, which includes the Porbeagle Sharks, 
the teeth are large, each consisting of a long narrow central cusp, 
usually with smaller cusps at the base. The common Porbeagle 
{L cornulnca), a fierce pelagic Shark, which may reach a length of 
10 feet, frequents the North Atlantic and the North Pacific 
(Fig 267) It has often been captured ofif the coasts of 
G-reat Britain and Ireland in Mackerel or Salmon nets, or 
by lines laid for food Pishes. An allied genus, Isurus, is 



Fig. 257. — The Common Porbeagle {Lamna corTmhica), (Prom Parker and Haswell, 
after Bashford Dean ) 


represented by species on the Atlantic coast of ITorth America, 
in the Mediterranean and the neighbouring parts of the 
Atlantic, and also in Asiatic seas. Garcharodon rondeletu ^ is a 
pelagic Shark with large, triangular, finely-seirated teeth, without 
basal cusps, and is found in all tropical and subtropical seas from 
the Mediterranean to Australia and New Zealand. It is one 
of the largest and most formidable of Sharks, and it is said to 
grow to a length of 40 feet. Nothing is known of its breeding 
habits. Odontasjpis, which has minute pore-hke spiracles, but 
no lateral caudal keels, is a Shark of moderate size, chiefly 
inhabiting the Atlantic, but found also in the Mediterranean 
and the Southern Pacific. Its teeth are long and awl-like, with 
small basal cusps. 

The Thresher or Pox Shark (Alopecias wipes) is remarkable 
for the extraordinary length of the upper lobe of the caudal fin, 
1 T. J. Parker, 1887, p. 27. 
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which is as long as the rest of the body (Fig. 258). Its teeth 
are of moderate size, triangular in shape, and without serrations. 
The “ Thresher ” has a wide distribution, being abundant in the 
Atlantic and Pacific Oceans, besides being the commonest of the 
larger Sharks frequenting the British coasts. It grows to a 
length of 15 feet, of which the tail forms at least one-half. 
Quite inoffensive to man, the Thresher feeds on the shoals of 
fi rnflUp-r Teleosts, such as Pilchards, Herrings, and Sprats. When 
feeding it swims in gradually diminishing circles round the 
shoal, splashing the water with its long tail, and keeping its 
victims so crowded together that they become an easy prey. A 
remarkable Lamnoid Shark {Mitsukunna owstoni),^ which has 
the snout produced into a “long, flat, flexible, leaf-lite blade,” 



Fig. 258. — The Thresher Shark {AlopecioLS mlpes). (From Jordan and Evermann.) 


somewhat resembling that of Polyodon, but narrower and more 
pointed, and has protractile jaws and large spiracles, is found 
in deep water near Yokohama, and may prove to be generically 
identical with the Cretaceous Shark Scapanorhynchus? 

Lamnoid Sharks are not certainly known to have existed 
until the Upper Cretaceous formations, in which, as well as in 
different Tertiary deposits, teeth indistinguishable from thdfee of 
the existing genera Lamna, Odontasjpis, and Garcharodon are 
found. The interesting genus Garcharodon has one extinct 
species in the Cretaceous and several others distributed in 
Tertiary formations in nearly every part of the world. The 
teeth of some of the Tertiary species measure 5 inches along 
the margin and 4 inches across the base, and it is evident that 
they belonged to Sharks so gigantic as completely to dwarf the 
existing species. That these giant Lamnidae have only recently 

^ D. S. Jordan, Oalifornia Acad. Sei. (3), 2ool. i 1898 j Bashford Dean, Science 
(K.S.), xvii. 1903, p. 630. 

^ Smith "Woodward, Ann. Mag. Nat. Mist. (7), iii. 1899, p. 487. 
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become extinct is proved by the fact that similar teeth have been 
dredged from the bottom of the Pacific. Teeth and detached 
vertebrae from various Tertiary deposits have been referred to 
species of Alojpecias. Entire Fishes, with an elongated rostrum 
and an extensive anal fin, from the Cretaceous of Mount 
Lebanon, have been assigned to an extmct genus, Sca^panorhynchus. 

Fam. 11. Oetorhinidae (Basking Sharks). — Two dorsal fins, 
without spines, the anterior midway between the pectoral and 
pelvic fins. Tail without lateral keels. ITictitating membranes 
absent. Spiracles small, situated just above the angles of the 
mouth. Branchial clefts wide and of great vertical extent, 
extending from the dorsal to the ventral surface. Teeth small, 
very numerous, conical in shape, without serrations. Claspers of 
the male provided with horn-like denticles. 

The single species included in this family, the Basking Shark, 
(Cetorhinus {Selache) maximus), is one of the largest of living 
Fishes, reaching a length of 40 feet (Fig. 259). It is a pelagic 



Shark, inhabiting the Arctic seas, but wandering as far south on 
opposite sides of the Atlantic as the Mediterranean, the coasts of 
Portugal and Virginia, and in the Pacific to the Cahfornian 
coast. Although generally described as a northern form, Ceto- 
rJiinus is known to occur in Australian waters.^ It is fairly 
common off the coasts of Scotland, and it has been seen or 
captured at various points on the western coast of Ireland, and 

1 Kershaw, Victorian Natural, six. 1901, p. 62 , Waite, Mee, Austral, Mus, iv. 
1901, p. 263. 
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the eastern and southern coasts of England The Eish is 
gregarious in its habits, often swimming in shoals near the 
surface. The name “Basking Shaik"' has been suggested by 
its habit of lying motionless on the suiface in warm oi calm 
weather, as if basking in the sun, with its doisal fin protiuding 
from the water Unless attacked, this Sliaik is quiet and 
inoffensive It derives its food-supply fiom small pelagic Iishes, 
and also from marine Inveitebiates, which aie strained fiom the 
water by the fiinges of long, slendei gill lakers with which 
the branchial arches are provided At one time haipooned 
and caught off the Irish, Scotch, and Hoiwegian coasts for the 
sake of the oil obtained fiom its livei, the Fish is now of little 
economic importance Nothing is known of its mode of repio- 
duction 

Extinct species of Cetorlnnus have been founded on detached 
veitebiae and isolated teeth fiom deposits of Pliocene age in 
Belgium and Italy, and possibly horn still cailiei Tertiaiy 
formations Dermal spines similar to those found on the 
claspers of the males in the existing species occur in the Antwerp 
Crag, and in the Eed Ciag of Suffolk 

Fam 12 Rhmodontidae — Two dorsal fins, without spines, 
the anterior a little in fiont of the pelvic fins, the second opposite 
the anal Tail with lateral keels and a pit at its root Spiracles 
small Nictitatmg membranes absent Mouth and nostrils 
nearly teiminal Teeth very minute, numerous, and conical in 
shape 

One genus, Rhinodon, with one or two species, is known These 
Shaiks are very widely distiibuted, specimens having been seen 
or captured in the neighbouihood of Ceylon, at the Seychelles, 
the Cape of Good Hope, Callao on the Peruvian coast, in the 
Gulf o£ California, and off the coast of Florida BMnodon is 
probably the largest known Shark It is stated to exceed 50 
feet in length, but to be quite harmless Scarcely anything is 
known of its habits, but the small size of the teeth, and the 
length of the gill-rakers, which resemble those of the Basking 
Shark, suggest a similar kind of food 

Fam. 13 Spinacidae — Two dorsal fins, the first in advance 
of the pelvic fins. Anal fin absent Nictitating membrane 
absent Spiracles lather large Vertebrae cyclospondylic Teeth 
variously modified in different genera 
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The more typical representatives of this family ai’e the Spiny 
Dog-Fishes, which are distinguished by the presence of a strong 
spine in front of each dorsal fin. They are more abundant in 
temperate regions than in the intervening tropics. The more 
important genera are Acanthias,Centmna,CentTo;phoTus,S;pinax,Sin& 
Oentroscylliuvi, Acantluas vulgaris, the Picked or Piked Dog- 
Fish, IS a gregarious, voracious Shark, about 3 to 4 feet in 
length, and is frequently seen in huge shoals all round the 
British coasts, especially during the summer months. It is very 
destructive to food Fishes, and its ravages result in serious loss 
to fishermen. Acanthias is viviparous. Centrina salviam is a 
much smaller Shark, which frequents the Alediterranean and the 
Bay of Biscay on rare occasions^t has been taken off the 
southern coast of England. Centro'pliorus occurs in deep water 
in the Mediterranean and adjacent portions of the Atlantic, and 
off the coasts of Japan. Oentroscyllium is found on opposite 
sides of the North Atlantic/(Greenland and Massachusetts), and 
in the opposite hemisphere^at the Falkland Isles. A deep-water 
form,, Faracentroscylhum, has been obtained in the Bay of Bengal 
at depths from 285 to 405 fathoms.^ 

Three remaining genera {Scymnus, Laemarg'ns, and JEchino- 
rhinus) differ froiji^the preceding in the absence of dorsal spines. 
Scy minus lioli^a is common in the Mediteiranean and the neigh- 
bouring parts of the Atlantic. The Greenland Shark {Laemargus 



Fig 260\p-The Greenland Shark {Laemargus horecdis) (Fiom Goode and Bean ) 

\ 

boreahs) (Fig. ^60) is an inhabitant of the Arctic regions, wander- 
ing as far southwards on opposite sides of the Atlantic as 
the French co^t and ^Oape Cod, It is a huge, clumsy shark, 
reaching a lengtitis^f 26\^ibet. Numerous instances are recorded 
of its capture off 'thfe.,coastXof^6reat Britain, especially in northern 
waters. The Gre^^d Sffar^ is said to be a determined foe to 
^ Aloock, Ann. (6), iv, 1889, p. 379. 
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the Eight Whale, which it attacks, biting pieces out of its body. 
Scymnus is viviparous, Zaemaryus oviparous, and the latter is 
unique among Sharks in producing eggs devoid of a horny shell, 
which are deposited on the sea-bottom. UchinorJiimts has dermal 
denticles in the form of relatively large rounded tubercles, each 
surmounted by a tuft of fine spines. One species only is known, 
E. sjpinosus, a large Shark attaining a length of 10 feet, and 
frequenting deep water off the Atlantic coasts of Europe and 
Africa from the North Sea to the Cape of Good Hope. A single 
specimen has been taken at Cape Cod on the eastern coast of 
the United States, and another off Dunedin, New Zealand. 
The capture of thirty examples in British waters since 1828 
has been recorded,^ the largest a female 9 feet in length. 

Most of the existing genera of Spinacidae are represented by 
teeth or detached spines in the later Tertiary deposits, but none 
are certainly known to occur earlier than the Pliocene. 

Pam. 14. Ehinidae (Angel-Sharks). — Eay-like Sharks with a 
flattened head and body, and nearly terminal mouth and nostrils. 
Pectoral fins very large, horizontally expanded, but constricted 
at the base and not adherent to the sides of the head or trunk. 



Fig. 261.— The Ajigel-Shark {RMm sqiiatim). A, dorsal view ; B, view of the month 
and nasal barbels. Pectoral fin j jpv ft pelvic tin ; spy spiracle. 


Two dorsal fins, both small, without spines, and situated on the 
tail behind the pelvic fins. Anal fin absent. Spiracles large 

^ Day, op. c%t. p. 324. See also Stead, Joum. Mar, Biol. Ass. iv. 1895-97, 
p. 264. 
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and crescentic. Vertebrae tectospondylic. Teeth conical and 
pointed A single species only is known. 

Blnna squatina, the Angel-Shark or Monk-Fish (Fxg 261), is 
intermediate between the ordinary Sharks and the Skates and 
Eays, both in external appearance and internal structure, hut 
IS more Eay-like than Shark-like in its habits. Within the 
temperate and tropical regions of both hemispheres it is almost 
cosmopolitan in its distribution, frequenting the coasts of Europe, 
including the British Isles, the Atlantic and Pacific coasts of 
North America, and the shores of South Australia and Japan. 
The Angel-Shark is viviparous, producing about twenty young at 
a time. Not rarely it grows to a length of 5 feet. 

The family ranges from the Upper Jurassic to the present 
time. Species of Bhina are represented by more or less com- 
plete skeletons in the Lithographic Stone of Bavaria, and in the 
Upper Cretaceous of Westphaha and Mount Lebanon, and by 
teeth and vertebrae in the English Chalk, as well as in different 
European Tertiary formations. 

Fam. 15. Pristiophoridae — Prenasal portion of the head 
and cranium produced into a long flattened rostrum, furnished 
with a pair of long tentacles on its under surface, and, as in 
Saw-Fishes, with a series of large, tooth-like, dermal denticles, of 
equal or unequal size, along each of its lateral margins. Two 
dorsal fins, without spines, the first in front of the pelvics. No 
anal fin. Pectoral fins large, distinct from the head and trunk, 
with a contracted base. Spiracles large and crescentic. Teeth 
small, with a conical cusp and a broad base. 

These smgular Sharks closely resemble the true Saw-Fishes 
(Pristidae), but they differ in the lateral position of their gill- 
clefts, the presence of rostral tentacles, and their smaller size. 
The few species known belong to the genus Pristiophorus, and 
are confined to the Australian and Japanese seas. 

PristiojphoTus is represented in the Upper Cretaceous of 
Mount Lebanon, and in the Miocene deposits. 

Sub-Order 2. Batoidei. 

Body generally discoidal or rhombic in shape, the axial 
portion being formed by the flattened head and trunk, and the 
lateral portions by the enormously expanded pectoral fins, which 
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aie usually confluent with the sides of the head Tail slendei, 
shaiply marked off fiom the tiunk, to which it usually appeals 
as a mere appendage Doisal fins, when piesent, on the tail 
Anal fin absent Branchial clefts vential in position Spiiacles 
large, usually ciescentic Yertebiae tectospond} lie 

Foi the most pait the Batoidei aie sluggish giound- Fishes 
slowly moYing ovei the oea oottom by the gentle undulatoiy 
vibrations of the margins of then huge pectoial fins, the tail 
being of little use in locomotion They feed piincipally on 
Ciustacea, Molluscs, and the smaller Teleosts As with othei 
Fishes of similai habits, the coloration of the doisal surface 
haimonises with that of the sea-bottom, while the ventral surface 
IS either deficient in pigment or white The majority of them 
are coast Fishes larely descending to a greater depth than 500 
fathoms, but some are pelagic The Batoidei are a relatively 
modern race, first appearing towards the middle of the Mesozoic 
period, and evidently representing an assemblage of specialised 
Elasmobranchs adapted for a bottom-living existence As re- 
marked by Smith Woodward, the three famibes, Ehinobatidae, 
Eandae, and Trygonidae, are not so clearly differentiated before 
the close of the Cretaceous period as they subsequently become ^ 
The first two families, the Piistidae and the Ehinobatidae, are 
interesting connecting-hnks between such Selachii as the Ehinidae 
and the Piistiophoridae and the more specialised Batoidei like the 
Skates, Eays, and Trygons While they agree with the latter in 
the ventral positron of the gill-clefts, the absence of an anal 
fin, and the caudal position of the dorsal fins, the body still 
retains an elongated and somewhat Shark-like shape, and shades 
off imperceptibly into a powerful swimming tad, and in the 
Piistidae at all events the pectoral fins are of moderate size 
and free from any fusion with the sides of the head It must be 
admitted that the institution of the two sub-orders introduces 
a somewhat arbitrary distinction between certam families of 
Plagiostomes which has little to recommend it except custom 
and some measure of convenience The two series of Fishes shade 
almost imperceptibly mto one another, and the importance of 
the ventral position of the gill-clefts has probably been over- 
estimated Primitively, the gill-clefts are lateral, and lie wholly 
in front of the pectoral fins, a positron which is retained in many 
1 Vertebrate Palaeontology , Cambridge, 1898, p 32 
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Selachil In others, however, the hinder gill-clefts tend to 
extend backwards above the base of the pectoral fins, while in 
some the clefts assume a more ventral position, and extend 
beneath the pectoral fin , hence, even within the limits of the 
Selachil the position of the gill-clefts varies to the extent that 
these structures may be lateral, or they may tend to become 
either dorsal or ventral^ On ti.e ocore of convenience the 
customary usage is adopted here 

Fam. 1. Pristidae (True Saw-Fishes). — Although somewhat 
depressed, the body is still elongate and Shark-like, with a well- 
developed tail termmating in a heterocercal caudal fin. Dorsal 
fins large, the first opposite the pelvic fins. Head and skull pro- 
longed into a long flattened rostrum, the lateral margins of which 
are armed with a series of strong tooth-like denticles, firmly im- 
planted in sockets in the calcified rostral cartilage. No rostral 



Fig. 262. — ^The Saw-Fish {Pristis antiquormn), (From Cuvier ) 


tentacles. Teeth in the jaws minute and obtuse. One genus 
and about four or five species are known, all inhabitants of 
tropical and subtropical seas. 

Some of the true Saw-Fishes attam a considerable size, 10- 
to 20 feet or even longer, and "saws” 6 feet long and a foot 
in width across the base are not uncommon. By means of 
powerful lateral strokes of its saw the Fish is capable of 
lacerating the bodies of other animals and tearing off pieces 
of flesh, which it then devours. Indian species are known to 
ascend rivers beyond tidal influence, and an American species, 
ranging northwards to the West Indies and the Gulf of Mexico, 
where it is abundant, enters the lower Mississippi. P. anti- 
quorum occurs in the Mediterranean and the Atlantic, but does 
not extend so far northward as the British coasts. 

The earliest known representative of the family is the 

1 I am indebted to Mr. Boulenger for these observations. 
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extinct genus Sderorhynelms from the Upper Chalk of Mount 
Lebanon, in wliich the smaller size and more superficial position 
of the rostral “ teeth,” and the absence of sockets in the rostral 
cartilage, prove that the “ teeth ” approximate more to ordinary 
dermal spines in this genus than in any of the more recent Saw- 
Fishes. All extinct genus Fro2mstis, from the Upper Eocene of 
Egypt, with non-socketed teeth, and species of the existing genus 
Pristis from the English Middle Eocene, are also known. 

Fam. 2. Rhinobatidae. — Owing to the increased expansion 
of the pectoral fins and the forward growth of their anterior 
cutaneous portions along the sides of the head, as well as back- 
wards along the trunk, the body now assumes a sub -rhombic 
shape, and approximates to the disc of the more typical Batoidei, 



Fig, 263 . — Rfiindbatus granulatus, (From Muller and Henle.) 

but the tail with its dorsal and caudal fins is still strongly 
developed, and blends imperceptibly with the trunk in front. 
Teeth very obtuse. Ko electric organs. About five genera and 
twenty species are known, distributed in most tropical and sub- 
tropical seas. 

The cosmopolitan Rhinobatus is represented by species from 
the Mediterranean, the Eed Sea, the west coast of Africa, the 
Indian Ocean, Australia and China, as well as from the Atlantic 
and Pacific coasts of America, and the Galapagos. Rhynchobatu^ 
ranges from the Bed Sea through the Indian Ocean to China, 
Zajpteryx occurs at San Diego and Panama, and PlatyrUnoidis 
on the Californian coast. TrygoThorhina is an Australian 
genus. 

The family dates from the Upper Jurassic. RUnobatus is 
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represented by complete skeletons in the Lithographic Stone of 
Bavaria, the Upper Cretaceous of Mount Lebanon, and the Upper 
Eocene of Monte Bolca. Trygonorhina occurs in the Eocene 
Fam. 3. Eaiidae (Skates or Bays). — The endoskeletally 
supported portions of the large pectoral fins extend along the 
lateral margins of the trunk and head from the pelvic fins to 
the snout, and are confluent therewith, forming the lateral por- 
tions of a large rhombic disc. The tail is slender, and shaiply 
marked off from the trunk. Usually two small dorsal fins on 
the tail. Caudal fin small or absent. ’No serrated spine on the 



Fig 264. — liaia mi/trayi^ from Kerguelen Island. A, male ; B, female. 
(From Gunther ) 


tail. Caudal electric organs are often present. Larger or 
smaller denticles or spines are generally present on the skin. 
Oviparous. Egg -cases four- horned, without tendrils. Four 
genera and from thirty to forty species Found in all temperate 
seas, a few rangmg into deep water. 

The great majority of the species belong to the genus 
(Fig. 264), which chiefly inhabits temperate seas, but is more 
abundant in the northern than in the southern hemisphere, and 
approaches nearer to the Arctic and Antarctic regions than any 
other Batoidei. The colour of the upper surface of the body is 
closely assimilated to that of the sandy or gravelly bottom on 





462 


FISHES 


CHAP. 


which, they live, and thus concealed, small Fishes, Crustaceans, 
and other organisms are lured unsuspectingly within the reach of 
the comparatively inactive and sluggish Ray. From the ventral 
position of the mouth the Ray cannot at once seize its prey, but 
the Fish darts over its victim and covers it with its body, and 
then readily devours it. The sexes are usually distinguished by 
secondary sexual characters, which take the form of differences in 
size and coloration, in the dentition, and also in the presence and 
position of patches or rows of specially modified dermal spines on 
the dorsal surface (Fig. 264). Some of the larger species reach 
a great size, the disc measuring 7 to 8 feet in width. A few 
species range into deep water. E, mmnillidens, a uniformly jet- 
black species, has been obtained from a depth of 5 9 7 fathoms in 
the Bay of Bengal,^ and E, abyssicoUt from 1588 fathoms off 
Queen Charlotte Islands, British Columbia.^ The following are 
British species: the Thornback (E. clavata); the Spotted Ray 
{E. maculata) ; the Painted Ray {E. microcellata) ; the Starry 
Ray (E. radiata)] the Cuckoo or Sandy Ray (E. circularis); 
the Skate (E. batis) ; the Flapper Skate (E. macrorhynchiis) ; the 
White Skate (i?. alba) ; the Long-nosed Skate (jK. oxyrhynchus ) ; 
and the Shagreen Ray (i2. fullonica)? Most of the species are 
of some economic value as food Fishes. Psammobatis, with a 
circular disc, frequents the southern coasts of South America, 
and Platyrhina the coasts of India, China, and Japan. 

The family ranges from the Upper Cretaceous, in which, as 
well as in different Tertiary deposits, it is represented by species 
of Eaia, An extinct genus, Gyclobatis, with a circular or oval 
disc, occurs in the Upper Cretaceous of Mount Lebanon. 

Pam. 4. Tamiobatidae. — The systematic position of the only 
representative of this family, Tamiobatis vetustus,^ from the 
Devonian or Lower Carboniferous of Kentucky, is very uncertain, 
but in some respects this unique type seems to be intermediate 
between the modern Sharks and the Rays. 

Pam. 5. Torpedinidae (Electric Rays). — A disc is formed as in 
the Raiidae, but it is sub-circular in shape rather than rhombic, 
and in the nature of its endoskeletal supports it is in some 
respects unique. Its semicircular anterior margin is supported 

^ Alcock, Ann. Mag. Nat. Mist. (6), iv. 1889, p. 380. 

^ Jordan and Evennann, op. cit. p. 76. 

3 Day. op. dt, p. 336. ^ Zittel, op. cit. p. 41. 
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in the centre by a branched prenasal rostrum, and laterally by 
the curiously branched preorbital cartilages, each of which 
radiates outwards and forwards from a common basal articulation 
with the lateral ethmoid regions of the skull. Tail relatively 
short and thick, with two dorsal fins, a caudal fin, and two 
lateral longitudinal folds. Skin smooth, without denticles. 
Mouth transverse and ventral. A characteristic quadrangular 



Fig 265. — The Electnc Ray {Torpedo ocdlata). Dorsal (A) and vential (B) views 
p /, Pectoral fin , pv /, pelvic fin ; sp^ spiracle 


naso-frontal lobe, with a free hinder margin, which forms the 
anterior lip, is enclosed by the two nasal organs and the oro- 
nasal grooves leading from them to the corresponding angles of 
the mouth. A pair of large electric organs between the pectoral 
fins and the head Seven genera and about fifteen species. 
Inhabitants of most warm seas. 

The well-known genus Torpedo (Fig. 265) is represented by 
species in the Mediterranean {T marmorata, T narce, T. keletans), 
the Bed Sea, and the Atlantic and Pacific Oceans. T. heletans 
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has been taken at several places in British waters. An American 
Torpedo {Tetronm'ce) is represented by species on the Atlantic 
and Pacific coasts. Narcine is a very widely distributed genus, 
species having been recorded from the East Indies, Tasmania, 
China, Japan, South Africa, and the Atlantic coasts of North 
and South America. Discopyge is an eastern Pacific genus (Peru 
and Panama). Hypnos frequents the Australian seas. 

The family seems to be exclusively Tertiary, and its earliest 
fossil representatives are from the Upper Eocene of Monte Bolca. 

Fam. 6. Trygonidae (Sting- or Whip-tailed Bays). — Disc 
sub-rhombic, broader than long. Pectoral fins confluent with 
the sides of the head, their preaxial endoskeletal radialia meet- 
ing in front of the skull along the lateral margins of a slender 
prenasal rostral cartilage. Tail usually whip-like, terminating 
in a small caudal fin, and generally armed with a sharp, serrated 
spine, which takes the place of a dorsal fin. Skin smooth or 
spinose. A rectangular naso-frontal flap in front of the mouth. 
About ten genera and fifty species. Found in nearly all 
tropical and subtropical seas. 

Of the more important genera, Try go n {Dasyatis) is rei>resented 
by numerous species in the tropical parts of the Atlantic and 
Pacific Oceans, including the Pacific coasts of North and South 
America. Two species occur in the Mediterranean, and one of 
them (r. pastincica), ranges from the coasts of Norway and 
the British Isles through the Atlantic and Indian Oceans 
to Japan. Urogymnm frequents the Bed Sea and the Indian 
Ocean. TIrolophus includes a few species of small size, distributed 
along the Atlantic and Pacific coasts of Central and North 
America, and in Australian seas. Fteroplatea comprises rather 
large species, and is almost cosmopolitan in its distribution, being 
represented by species on the Atlantic and Pacific coasts of North 
and South America, in the Mediterranean and the Bed Sea, the 
Indian Ocean, the Malay Archipelago, and on the coasts of China 
and Japan. The caudal spines, which may be 8 to 9 inches 
long in some of the larger species, are capable of inflicting very 
severe wounds, the danger of which is greatly increased by the 
apparently poisonous cutaneous mucus introduced into the wound. 
As the spines become lost they are replaced by others developed 
from behind. Some Trygonidae live in fresh waters. T’rygon 
(Fasyatis) sdbina frequents the streams and estuaries of Florida 
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as well as on the adjacent coasts, and specimens have been 
obtained Irom Lake Mnnroe at some distance fiom salt water ^ 
Mhpesiiuis and Famtrygon are freshwater genera, found in 
Colombia, Venezuela, and Guiana 

Fossil lemains of undoubted Trygomdae appear to be confined 
to the Teitiary peiiod 

Fam. 7 . Myliobatidae (Eagle-Eays) — Disc much bioadei than 
long, and rhombic 111 shape The huge pectoral fins aie not 
continued to the extiemity of the snout, but cease on the sides 
of the head, and leappear in fiont of the snout as a pair of 
distinct folds, the so-called cephalic fins The head projects 
above the level of the disc, and consequently the eyes and 
spiiacles are lateral in position Tail long, slender, and whip- 
like, with a single dorsal fin near the root, and usually one or two 
serrated spmes belnnd the fin A rectangular naso-lrontal fold is 
present The dentition consists of flat, hexagonal, pavement-hke 
ciushing teeth aiianged from before backward in arched rows in 
both jaws, and theie is either a single median row of laige teeth, 
with (eg Myholatis) or without (eg Aetobatu) the addition of 
several rows of much smaller teeth on each side, or there are 
numeious rows, the teeth then decreasing in size from the middle 
line laterally (eg RJi'inopUia) Skin smooth Sexes similar 
Five genera and about twenty- seven species are known, all 
inhabitants of tropical and subtropical seas 

Myliobatis is lepresented in the Mediterranean by two species, 
and one of them, the almost cosmopohtan M aguila (Fig 266 ), 
has been taken at various points on the eastern and southern 
coasts of England Aetohatis is also widely distributed in 
tropical seas, but is unknown in European waters Bhinojpteror 
has one species in the Mediterianean, while others have been 
recorded from Brazil, the Atlantic and Pacific coasts of North 
America, and the East Indies The two tropical genera 
Dicerobatis and Gerato'pt&ra have the cephahc fins piolonged 
anteriorly into a pair of horn-like appendages, which are said 
to be used in conveying food to the mouth The teeth are 
small, flat or tubercular, and are arranged in numerous rows In 
Oerato;ptera they are wantmg in the upper jaw The Eagle- 
Eays feed principally on Molluscs, the shells of which they 
crush with their large gnnding-teeth Some of them attain 
^ Jordan and Eyennann, 0 ^ c%t p 85 
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an enormous size, and are among the largest of Fishes. 
Gerato^ptera 'oampjr%is of the West Indies, for example, grows to 
a width of 20 feet, and an embryo extracted from the oviduct 
of a gravid female 15 feet wide, and from 3 to *1 feet in thick- 
ness, measured 5 feet across the disc and weighed twenty 
pounds.^ This Fish is much dreaded by the divers engaged in 



the pearl fisheries near Panama, whom it is said to devour after 
enveloping them with its vast wings.^ 

The family is exclusively Tertiary, and with the exception 
of an extinct genus, Promyhobatis, from the Eocene of Monte 
Bolca, all the fossil species belong to the existing genera 
MyliobatiB, Ehinoptera, and Aetobatis. 

Order V. Holocephali 

The propriety of including the Holocephali in the sub-class 
Elasmobranchii is scarcely open to doubt. Like the Acanthodei 
^ Gunther, op. cU. p 348. 

2 Dumeiil, quoted by Jordan and Evermann, op. cit. p. 92. 
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they seem to represent a divergent and specialised offshoot from 
some primitive Elasmobranch type, and while retammg most of 
the essentially distinctive features of their ancestors, they have 
acquired, perhaps independently, certam characters distinctive 
of the Teleostomi, combined with others peculiar to themselves. 
In the few surviving genera agreement with the Elasmobranchs 
is to be seen in the wholly cartilaginous condition of the endo- 
skeleton and the complete absence of cartilage- and membrane- 
bones. The vertebral column is acentrous and ribless, and the 
notochord is persistent , the dorsal arcuaha include supradorsals 
and regularly alternating basi- and inter -dorsals. The limbs 
and limb-girdles are essentially Elasmobranch. Dermal denticles 
are present, either locally, or, as in some of the fossil types, m 
the form of a general investment.*^ The brain and the reproduc- 
tive organs agree more closely with the corresponding structures 
in the Elasmobranchs than with those of any other Pishes, and 
the agreement extends to the large size of the eggs and their 
enclosure in horny egg-cases In both groups the nostrils are 
connected with the mouth by oro-nasal grooves , the hyoidean 
hemibranch is a true gill, and there is no air-bladder. The 
Holocephali also agree with the Elasmobranchs in retaining such 
primitive features as an intestinal spiral valve and a conus 
arteriosus. On the other hand, indications of specialisation in 
the Teleostome direction are to be noticed in the tendency to 
the concentration of the branchial arches towards and beneath 
the skull, the reduction of the interbranchial septa to the 
extent that they are no longer continuous with the skin, and 
the gill- filaments project beyond their outer margins ; the 
presence of an operculum ; the suppression of the spiracles ; 
and the absence of a cloaca, the rectum opening externally by 
an anus in front of the urino-genital apertures. Among the 
more notable features evolved within the limits of the group 
mention may be made of the autostylic condition of the skull, 
probably an adaptive modification induced by the large size of 
the crushing dental plates which have taken the place of 
ordinal y teeth; and the singular development of anterior knd 
frontal claspers.” 

The group is one of great antiquity. Apart from the isolated 
spines or ichthyodorulites ” common in Devonian and Carboni- 
ferous strata, some of which are probably the frontal or the 
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fin-spines of ancient Holocepliali, dental plates, closely resembling 
those of modern Chimaeroids and referred to the Ptychodontidae, 
are probably the earliest indications of the existence of the 
group. The Holocephali become more abundant in the Mesozoic 
period, but of the four families usually recognised, only one, the 
Chimaeridae, has survived. 

Fam> 1. Ptyctodontidae- — This Palaeozoic family is known 
only by the dental plates, of which there is a single pair in each 
jaw, meeting at the symphysis. Ptyctodus ^ and Rhynchodus occur 
In the Devonian of either Eussia or Germany, and in North 
America, and Palaeomjhis only in the Devonian of North 
America. 

Pam. 2. Sq.ualoraiidae. — General shape of the body similar 
to the existing Earriotta. There is a long, depressed, preoral 
rostrum, and in the male the head carries a long slender frontal 
spine. Conical denticles are sparsely present on the head and 
body. No dorsal fin-spine. Dental plates similar to those of 
the living Chimaeroids, but thinner, the tritoral areas being less 
well defined. The only genus is Sg^naloraia from the English 
Lias, of which nearly complete skeletons are known.^ 

Pam. 3. Myriacanthidae.^ — Body elongate, but less depressed. 
A dorsal fin-spine is present, and in the males a frontal spine. 
The dentition consists of a median incisor-like tooth at the 
symphysis of the lower jaw, in addition to dental plates similar 
to those of Squcdomia, There is a symmetrical series of 
tuberculated dermal plates on the lateral surfaces of the head, 
which probably represent groups of fused denticles. One species 
{MyriacanthuB granulatus) has its rostrum terminating in a 
cutaneous flap, as in Oallorhynchus, Myriacantlius, from the 
Lower Lias of Lyme Eegis, and ChimaeropsiSj from the Litho- 
graphic Stone of Bavaria, are the only two genera. 

Pam. 4. Chimaeridae. — Body elongate and shark-like in 
form, but the head is compressed and the mouth is small. 
Pectoral and pelvic fins large, especially the former, which are 
somewhat ventrally placed. Two dorsal fins, the anterior over 
the pectorals, with a stout spine in front ; and a small anal fin. 
Dermal denticles restricted to the claspers, and to localised areas 

^ Rohon, Fer/iandL Tc, Min. Ges, PeUrshurg^ xxxiii. 1895, p. 1. 

® Smith Woodward, Proc. Zool. Soc. 1886, p. 527 ; and 1887, p. 481. 

^ Id,, Ann. Mag. Nat. Hist. iv. (6), 1889, p. 275. 
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on the dorsal surface in young forms. Dental plates large and 
thick, including a single pair in the lower jaw and two pairs, 
vomerine and palatine teeth, above, which combine trenchant 
edges with well-marked grinding areas. Three genera are known. 

In Gkimaera (Fig. 267) the mouth and nostrils are ventral, 
posterior to a bluntly conical snout. Head surmounted in the 
males by a club-shaped appendage armed with a pad of recurved 
denticles, the frontal clasper; there is also an anterioi clasper 
armed with similar denticles and retractile into a shallow 
glandular pouch in front of each pelvic fin, in addition to the 
ordinary clasper behind the fin The caudal fin consists of nearly 
equal-sized dorsal and ventral lobes, between which the slightly 



Pig 267. — Ghima&ra 'inoTistiosa (male) m, Mouth , frontal clasper , 
opi operculum. 


up-tilted caudal axis is prolonged as a long tapering filament : 
hence the tail appears to be nearly diphycercal. 0. monstrosa 
occurs off the coasts of Europe from Norway to Portugal, includ- 
ing the Mediterranean, and also in the neighbourhood of the 
Azores, as far south as the Cape of Good Hope, and eastwards 
off the coast of J apan. It is the largest of the living 
species, reaching a length of 3 feet G, ajffinis was first 
taken off the coast of Portugal, and subsequently on the 
North American side of the Atlantic, at depths ranging from 
200 to 1200 fathoms. G. {Hydrolagus) colliei is restricted to 
the North Pacific, and is especially plentiful off South-eastern 
Alaska, and about the wharves at Esquimalt. Unlike most 
other Chimaeroids this species swims at the surface, and there 
is no evidence that it is a deep-«ea form. In its breeding 
habits, and in the mode in which its eggs are fertilised, Chi- 
mob&ra probably resembles the oviparous Sharks and Dog-Fishes. 
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The eggs appeal to be deposited on the sea-bottom iii deep water, 
but they are very rarely obtained. An egg-case dredged up off 
the south-west coast of Ireland, at a depth of 315 tathoius, and 
about 6.V inches in length, is shown in Fig. 268.^ It consisted 



Fig. 268. — Egg-case of a species of CJi muieici. Pransverse section acioss the case 

at a, showing the lateral valvulai slits , 6, similar section across ? showing the 
^e^tlcal ridges. (Fiom Gunther.) 

of a bioad, somewhat oval, flattened portion which contained the 
egg, and terminated at one end in a truncated margin, while at 
the other it was produced into a long tapering styliform process, 
traversed by dorsal, ventral, and lateral ridges. The cavity of 




Fig. 269 — Callorliynchus antarcticm. Male. A, lateral view ; B, front view of the 
mouth ; C, front view of nasal process. «.c, Anterior clasper ; J.ct, external 
branchial aperture ; /.c, frontal clasper ; p.e, posterior clasper. (From a specimen 
m the Cambridge Museum.) 

the egg-case was open in front, and also along each side, where 
linear, slit-like valvular apertures freely admitted sea-water into 
the central cavity. A similar egg-case from Japan, measuring 
9 inches in length, had its surface traversed by longitudinal and 
^ Gunther, Ann. Mag Nat. Hist. (6) iv. 1889, p. 415. 
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transverse ridges, and no doubt belonged to a Japanese CJnmaera} 
In neither egg-case was there any trace of tendrils. The eggs 
Xjrobably he on the sea-bottom, or, when the cases have styliform 
prolongations, it is possible that they are implanted m the ooze. 

Gallorhynchus (Fig. 269) is distinguished by a singular pro- 
longation of the lostrum, which terminates in a downwardly- 
directed cutaneous flap, evidently from its abundant nerve- 
supply an important tactile organ. 

A frontal clasper is present in 
the male. The prolonged caudal 
axis is up-tilted, and the tail is 
more distinctly heterocercal than 
in Clmnaera. The only species, C 
anta) ctiGus, is confined to the Ant- 
arctic basin and the South Pacific. 

The egg -cases of Callorhy%chu§ 
differ considerably from those of 
CJnmaera, and so large are they 
that one may measure 25 cm. in 
length, or nearly as long as the 
abdominal cavity of the Fish. Each 
case is ovoid in shape, surrounded 
by a wide flat margin which is 
covered on one side with yellow 
hair-like fibres, thus giving to the 
case a protective resemblance to a 
mass of seaweed (Fig. 270). In Fig. 270.— Egg-case of CaUoihyvichvs 
the central part of the case there 

IS a pear-shaped cavity in which {y.s) ; s, dorsal spme. (Cambridge 
the egg or the embryo is contained. ^^seum ) 

From one end of this cavity a passage, guarded by a valve, leads 
to the exterior, and provides for the escape of the young. While 
in the egg-case the nearly ripe embryo has long external gills, 
and its body is nearly sessile on a large and singularly lobed 
yolk-sac. 

The third genus, Harriotta (Fig. 271),^ is remarkable for its 

^ See also an account of the egg-case of a Chimaeroid dredged from a depth of 
616 fathoms in the Bay of Bengal (Wood-Mason and Alcock, AnTh* Mag, Nat, 
Hist, (6) viii 1891, p. 21). 

2 Goode and Bean, op cit. p. 32. 
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elongated, tapering, and depressed rostinm, and for the laige size 



Fig 271 — EatrioUa rdlefighana A, lateral view , B, ventral view of a male 

(From Goode and Bean ) 


and wing-like appearance of the pectoral fins. There is no frontal 
clasper, and the ordinary claspers in the young male examined 
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were very small and simple. The caudal filament, which is 
longer in older specimens than m the younger, and is not 
developed at all in the youngest examples at present known 
(Fig 272, A), IS not uptilted, although the lower lobe of the 
caudal fin is much larger than the upper. Young forms have a 
double row of stout spine-like denticles in front of the second 
dorsal fin, and also in the interval between the latter and the 
upper caudal lobe. Similar denticles are also present on the 
upper surface of the head between the orbits (Fig. 272). E. 
mleighana is found in the North Atlantic. Individuals varying 



Fro. 272 — Young example of Jffa/rnotta raleighaTia, 4 mches in length. A, side new ; 

B, dorsal new (From Goode and Bean ) 

in length from 4 to 25 inches have been taken at depths 
ranging from 707 to 1081 fathoms. A species of Harriotts 
has also been recorded as occurring in Japanese waters.^ 

With the probable exception of Ghimaera colhei the surviving 
Holocephali are denizens of deep water ; hence their comparative 
rarity and our almost complete ignorance of their habits. Young 
forms of G, monstrosa, l|- to 5 inches in length, have been 
dredged in the Faroe Channel at depths from 505 to 555 
fathoms ; ^ and the youngest specimen of Earriotta was obtained 
from 991 fathoms. Egg-cases are rarely obtained, and then 
only from considerable depths. It is therefore reasonable to 

^ Mitsukun, Zool Mag, Tokyo, 1896, quoted In Nat, Sd, Tiii, 1896, p 10. 

2 Gunther, Ghall. MepoHs, Zool xxu. 1887, p. 12. 


474 


FISHES 


CHAP. XVII 


infer that these Pishes breed in deep water. As might he 
expected, little is known of the embryology of any of the Holo- 
cephali, but that little adds further proof of the Elasmobraneh 
relationship of the group. The segmentation of the egg of 
Ohimaera and the overgrowth of the yolk by a circular blasto- 
derm are essentially as in Elasmobranchs. The early embryos 
are said to be shark-like, and to possess both spiracles and 
“ external gills,” and the primary upper jaw is less completely 
confluent with the skull than in the adult. It is also said that 
the palatine dental plates are represented at an eaily stage by 
series of small, more or less conical elements, which, outwardly at 
least, resemble the rudiments of the grinding teeth of the 
Cestraciont Sharks.^ 

The Chimaeridae first appear in the Lower Oolites, and attain 
their maximum development in the Cretaceous and the Eocene.* 
Qanodus is an Oolitic genus. Iscliyodus ranges from the Lower 
Oolites to the Lower Cretaceous. Eda])liodon is Cretaceous and 
Eocene, extending, however, into the Miocene, and Elasmodus 
ranges from the Upper Cretaceous into the Eocene. Teeth of 
the existing genus Ccdlorhynchus occur in the Cretaceous of 
New Zealand, and of Ohimaera in the Upper Tertiary of 
Europe and Java. The fossil Holocephali afford little evidence 
of the origin of the group from more typical or more primitive 
Elasmobranchs. So far as their structure is known, they all 
possess the essentially distinctive features of their modem repre- 
sentatives, and offer little evidence of transitional forms. The 
surviving Chimaeroids seem to have acquired a more specialised 
dentition, but in other respects they are either more primitive, 
or possibly somewhat degenerate. 

' Bashford Dean, Meni. New York Acad. Sd. ii. Pt. i. 1899, p. 28 ; Uiol, Bull. 
iv. 1908, p. 270. 

^ E. T. Newton, Mem. Qeol. Sun. Monogr. iv. 1878 ; Eiess, Valaeoriogr. 
xxxiv. 1887, p. 1 ; Smith Woodward, Brit. Mus. Cat. Foss. Fishes, ii. 1891, p. 62 ; 
Zittel, Feast-Book of Falaeontology, English ed., London and New York, ii. 1902, 
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TELEOSTOMl ; GENERAL CHAIU.CTERS — CROSSOPTERYGIl — 
CHONDROSTEI — HOLOSTEI 

Sub-Class II. Teleostomi. 

In this group of Fishes the primar)’ upper and lower jaws (palato- 
quadrate and Meckelian cartilages) are supplemented hy the 
addition of certain tooth-hearing membrane bones which form 
secondary jaws corresponding to the functional jaws of the higher 
Craniates.^ The chondrocranium and the primary jaws are 
usually more or less completely ossified by cartilage bones, and 
there is always a secondary cranium of dermal bones, of which 
paired parietals and frontals above, and a median vomer and a 
parasphenoid below, are amongst the most constant. The skull 
IS hyostylic. An operculum covering the gill-clefts and supported 
by a special opercular skeleton is a constant feature. The verte- 
bral column is often acentrous, and when centra are present they 
are invariably arch-centra. There is a weU-developed secondarj' 
pectoral girdle, coimected dorsally with the hinder part of the 
skull As a rule the pelvic girdle is absent altogether, and 
when present it is rarely more than a rudiment or a vestige. 
The endoskeletal supports of the paired fins are uniserial. The 
dermal fin-rays of the paired and median fins are probably modified 
scales or lepidotrichia. In the median fins the fin-rays are at first 
more numerous than their supporting radials, but in the more 
specialised Teleostomes they ultimately equal them in number. 
The body is usually invested by an exoskeleton of articulated 
rhombic or imbricated cycloid scales. Claspers are unknown. 
In the surviving members of the group there is usually an air- 

^ Hence the name Teleostomi” or “perfect-mouthed” Fishes. 
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bladder. The gill-filaments project freely beyond the outer edges 
of the greatly reduced interbrauchial Re]>ta. Tlu^ (‘xterual 0])gu- 
ing of each nasal sac is usually divided into two distinct aper- 
tures, and there is no oro-nasal groove leading from the sac to 
the mouth. The brain has no proper eerebrtd luniiisplieres, but 
retains an undivided prosencephalon with a non-mu'vous roof. 
A cloaca is not developed, the rectum opening externally by an 
anus in front of, and distinct from, the separat(‘ or united urino- 
genital apertures. The ova are small and numerous, and tlie 
segmentation is either holoblastic and une(pial, or lueroblastic. 
Besides a large number of fossil forms the grou]> includes the 
vast majority of living Fishes. 

The Teleostomi include four “ Orders,” the Cuossoptkiiyijii, the 
Chondrostei, the Holostei, and the Tkleos'I'ei. (K tlu^se the 
Crossopterygii occupy a remarkably central position, Bomotely 
connected with the Elasmobrauchs on the one hand, and more 
intimately related to the Holostei and Tcdeostei on tlie other, 
they also probably represent the ancestral sto('k from which 
the Stegocephalan Amphibia and the Dipneusta liavi‘ liad their 
origin. Of the three remaining groups, often <*oll(‘('tively S])okeu 
of as “ Actinopterygii,” the Ohondrostei arc* the oldest and 
most primitive. Like the Crossopterygii, they arc* not without 
evidence of a remote kinship with the Klasmobraiudis, but in a 
broad general sense they also represent the initial stag<‘s in a 
sequence of structural modifications, of which the Teh*ostci, the 
dominant Fishes of the present day, are the final outcome. 

Order I. Crossopterygii. 

Pectoral fins obtusely lobate and i>rol)al)ly uniserial, or acutely 
lobate and probably biserial. Pelvic fins alxlomiuul in position, 
uniserial, non-lobate, or obtusely lobate. Scales rhombic or cycloid, 
and, like the dermal cranial bones, they are generally invested by 
a layer of enamel-like ganoin. Tail heterocercal, or apparently 
diphycercal or gephyrocercal. Vertebral column acentrous, or with 
ring-like centra, or even with complete bony umphicoclous centra. 
Lower jaw with dentigerous spleuials. As a rule, the opercular 
series includes an operculum and a suboperculum. Branchio- 
stegal rays absent, their place being taken by a remarkable 
armature of jugular plates (Fig. 274). Secondary pectoral girdle 
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complete, including a pair of infra-clavicles. With rare excep- 
tions the fill-rays of the median fins retain their numerical pre- 
ponderance over the supporting radials. The group is divisible 
into two sub-orders,” the Osteolepida and the CLADiSTiAd 

Sub-Order 1. Osteolepida. 

The obtusely or acutely lobate pectoral fins articulate with the 
pectoral girdle by a single basal endoskeletal element. Nostrils 
on the ventral surface of the snout. Two dorsal fins and an 
anal fin. Dermal bones of the ethmoid region often fused with 
one another and with the preniaxillae in front and the frontals 
behind to form a continuous rostral shield. Infra-dentary bones 
may be present. A series of lateral jugular plates often present 
in addition to the pair of principal plates. The Osteolepida 
first make their appearance in the Old Eed Sandstone and 
Devonian formations, where they become abundant They are 
also well represented in the Carboniferous, but only one family 
survived to the Mesozoic period, finally becoming extinct in 
the Upper Cretaceous. The following are the more important 
families * — 


Fam. 1. Osteolepidae. — Scales rhombic and thickly en- 
amelled. Pectoral and pelvic fins obtusely lobate. Tail hetero- 
cercal. Teeth simple, not complicated by surface infoldings 



Fig. 273. — Restoratiou of Osteolepis unacrol^tdoia Old Bed Sandstone. 
(From Traquair.) 


except quite at the base. Genera : — OsUoUjpis (Fig. 273), 
Thursius, Diplopterics (Middle Old Eed Sandstone, Scotland), 
Glyptopomus (Upper Old Eed Sandstone, Scotland), Megalich- 

^ Boulenger, Poissons du Passin du Congo, Bnixelles, 1901, p. 2. Smith 
Woodward {Brit. Mus Cat Foss Fishes, ii. 1891, p 317 ; and Vert. Palaeont. 
Cambridge, 1898, p. 78), following Cope, recognises four snb-orders, the Haplistia, 
Rhipidistia, Actinistia, and Oladistia. The first sub -order is reserved for the 
Tarrasiidae, a family which includes only the little known Tarrasvus jprohlematicus 
from the Lower Carboniferous of Scotland. 
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thys (Carboiiifeious and Lowei Peimian of Eiuope and Noith 
Ameiica) 

Fam. 2. Rhizodontidae. — Scales cycloid and ovei Lipping 
Paiied fins obtusely lobate Tail lieteroceical, sometimes appar- 
ently gephyioceical Teeth with the eyteiiial enamelled layei 
of dentine infolded towaids the axis in the form of ladially 





Fig 274 — Skull of a Ekizodont {Iih%''odojpsis sanroides\ Lower Caxboniferous A, 
lateral view , B, tlie dorsal surface , and C, ventral view an^ Angular , dy 
dentary, f, frontal, idy infra dentary , pimcipal jugular plates, lateral 
jugulars , iThy mandible , mjy median jugular , m/iy maxilla , o, orbit , opei 
culum , p, parietal , p /, post frontal , p mxy premaxilla , p opy preoperculum , so, 
suborbital , sop subopei culum , sq, squamosal, supra temporal , a:, a, cheek 
plates (After Traquair ) 


arranged folds In some geneia rmg-like vertebral centra 
have been recognised and also a preoperculum Genera — 
MJnzoduSy Lower Carboniferous of Scotland and ISrorthumberland, 
Trishcho^terys^ 275) Old Red Sandstone of Scotland, 

Uusthenopteron^ (Fig. 276), Upper Devonian of Scaumenac 

^ Traquair, Tram Roy Soc Edvab xxvii 1875, p 383 
^"Whiteaves, Tram Roy Soc Canada^ vi 1888, p 77 
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Bay, Canada 5 GyiojitycJnus, Old Eed Sandstone, Scotland, 
Illnzodo])s%s^ (Big 274) Carbonifeions of England, Scotland, 
Silesia, and Noith America, Caiboniferous of Great 

Biitain, Ii eland, and Noith America 



ria 275 — Restoiation ot T L^hchopterus alatus Old Red Sandstone ck Cla\iele 
Remaining leference letter as in Pig 274 (After Iraquair ) 



Pig 276 — Restoration of Eusthenopteron footdi Upper De-vonian of Scanmenac Bay, 
Canada The scales have been omitted in the hinder part of the body to show the 
vertebral column and the radials ot the median fins cl ClaMcle td infia 
clavicle & d, s ipia clavicle , for other lefcrence letters see Fig 274 x ibout 4 
(Aftei Whiteai es ) 

Pam. 3. Holoptychidae (Dendrodontidae) — Scales cycloid 
Pectoral fins acutely lobate , pelvic fins short and 'Jomewhat 
obtusely lobate Tail heterocercal Teeth similar to those of 



Fig 277 — ’Resior&tion of ff of optychiusfiemingi (From Traquair ) 

the Ehizodontidae but more specialised, the enamelled dentine 
infoldmgs being much more complicated, presentmg a radiating 


^ Traquair, Tran^ Roy Soe Ed%nb xxx 1881, p 169 
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arborescent appearance in transverse sections. Verte])ral eolnmu 
acentrous. G-enera: — Holoftychivs^ 27V), Old Eed Hand- 

stone of Scotland; Devonian of Eelgium, Eussia, North AmericM, 
and East Greenland. Glyptolepis has a similar range. 

Fam. 4. Coelacantliidae,^ — Scales cycloid. Paired tins ob- 
tusely lobate. Tail symmetrical but apparently gephyroeercal, 
usually with a protruding axial vestige of the disappearing 
terminal part of the tail and of the proper caudal fiu. Ibulialia 
of the functional caudal lobes agree in number with the con- 
tiguous neural and haemal arches and dermal tin-rays, the 
diagnostic feature of Smith Woodward's Actinistia. Proximal 



Fig, 27S. — Restoration of Undina gulo. Lower Lias of Dorset. Scales aiul supra* 
cla\icle omitted. The ossified air-hladder is shown beneath the anterior pait of 
the vertebral column. The facial bones in front of the oibit are unknown, and 
the cheek-plates are supposed to bo arranged as in other C«)elacanths, x about 
(From Smith Woodward.) 

radials of the dorsal and anal fins fused into a single, internally- 
forked basipterygium in each fin. Teeth sim])le. ^^ei'tebrul 
column acentrous. The skull presents several interesting 
features. The hyomandibular and the palato-<iuadrate l)ar, 
for example, are fused on each side into a continuous tri- 
angular bone, articulating with the cranium above and with 
the lower jaw below. The opercular skeleton is reduc^ed to an 
operculum and two jugular plates. A very singular feature in 
these Pishes is the ossification of the walls of the air-bladder 
(Pig. 278), a structural modification which has no parallel in 
Pishes, except in certain Teleosts (Siluridae and Cyprinidae)^ 

^ Traquair, Proc. Hoy, Soc. JSdmh. xvii. p. 388. 

Reiss, Die Coelacanthinen, PalaeorUogr* xxisci. 1888, p. 1 ; Smith Woodward, 
Brit Mus, Cat. Foss. Fishes, ii. 1891, p. 394. 

® See also Kkrtus indicus, p. 688. 
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in whirh tlu* ov^^nn by bone owing to the 

|Mrtial ossitit*;ition <>1* its walls. 

From tlieir liivt ajtpeuraiua* in the L(»wer Cnrlionilbrons the 
(’eeliaauthitliu* raiigts jandically unchanged, through the iiiter- 
xemng tbnuatious to llu* Tpjier (’ri‘taeo(ms. Cod acanthus itself 
otM'uvs in tlu‘ ( ‘ur]>oiuferous and rerinian t>f England, Scotland, and 
(lorniany, and in tin* ('arlKuiilerous of Xorth America. Undina'^ 
(Fig. 2T8) is a tlurassie, genus. DlpltiTHS is found m the Trias 
(»r North AnuTiea, and Macropomt is a well-known form from 
the Nliddle and Upper Cretaceous beds of England, and other 
parts of Kuropi*. 


Sub-Order 2. Cladistia. 

P(‘et(a'al fins iinisorial and abbreviate, with three basal endo- 
skeh^tal eh‘inents, Kostrils on the upper surface of the snout. 
Kntin* sk(di‘tt)u well ossified. Notochord replaced by bony, 
amphic<u‘l<»UH vt‘rte])ral centra. Bones of the ethmoid region 
not fnscul to form a rostral shield. Infra-dentary bones absent, 
thigular })latt‘S reduced to a single pair of large plates. As this 
group includes the only Crossopterygii which have survived to 
the pres(mt day, it is noteworthy that they retain certain primi- 
tive features indicative of their remote origin. The spiracles 
arii p(U’sisteut ; the intestine has a spiral valve ; and the conus 
arteriosus is furnished with several rows of valves. Amongst 
otluu* characters of contrary significance, the air-bladder is double ; 
its oesc^phageal aperture is ventral; and its afferent arteries are 
pulmonary arteries derived from a posterior aortic arch, 

Fam. 5 , Polypteridae," — Pectoral fins obtusely lobate. Pelvic 
fins nou-lobate. fScales rhombic and thickly enamelled. Dorsal 
fin in the form of a series of isolated finlets, each consisting of a 
stout spine-like® fulcral scale supporting a single soft ray, or a 
fringe of several rays, along its hinder margin. Tail symmetrical, 
apparently gei)hyroc(.‘rcal. Teeth simple. Nostrils tubular. 

The only repiusentativos of the sub -order and the sole 

' Hnutli AVoo(F\ar(l, op, cit, p. 412. 

- UoulengtT, 2*om, Bms. OoiujOf i>. 10. For a list of the more important 
pajKTH, 18-19 of that ^\ork. 

® Mr. BouUaiger infoiiiis me that ho regards these spines as modified ndge 
Hcah'H or fulcra. Tlie latter are median spine-like or A-shaped scales in relation 
with the anterior margiiis of the median fins in some Crossopterygii (e.g, Osteo- 
k'pidae) ami in many Chondrostei ami Holostei. 

VOL. VII 2 I 
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surviving family of Crossopterygii, the Polyp ter klae, are reatrictcHl 
to the Nile and to the river basins of tropical Africa which drain 
into the Atlantic (Fig. 280 ). Only two genera arc known, 
Polyjpterus and Galamichthys, neither of which has yet been dis- 
covered in any geological deposits, ancient or recent. 

In Poly;pterm each of the spines of the dorsal fin supports 
several soft rays. Pelvic fins and a suboperculuin arc present. 
Ten species are known, of which six pertain to the Congo and 
its tributaries.^ P. hichir is said to attain a length oi four 
feet. 

Until recently little was known of the habits of Polyptcrus, 
but the observations of Budgett ^ on the widely distributed P, 
sencgalm and those of Harrington ^ on P. lichir, have brought to 
light many interesting facts about these most interesting Fishes. 



Fig. 279 . — Polypterus smegalus. From a specimen in the Cambridge University 
Museum. Tbe arrow points to the position of the left spiracle, x i. 


P. Uchir haunts the deeper holes and depressions of the 
muddy bed of the Nile, although it is ‘‘ not essentially a bottom- 
liver or a mud-fish.” It is most active at night when in search 
of food, and then it may readily be taken by trawl lines. The 
lohate pectoral fins are used for progression, but their primary 
function is to act as balancers, and they exhibit the characteristic 
trembling movements so often seen in the balancing fins of 
Teleosts. PolyjpUrus does not readily live out of water, rarely 
longer than three to four hours, and then only when cov(u*ed 
with damp grass or weeds. P. licMr is said to feed on small 
Teleosts, which it swallows whole, and to these there may be 
added in other species, Batracliians and Crustaceans. The 
observations of Budgett show that in captivity Polyptmis often 
remains motionless for a long time at the bottom of the water, 
the anterior part of the body resting upon the tips of the 

^ Boulenger, oy, cit. p. 20 et seq. ; id. Ann, Qongo^ ZooL (1), i. Fasc. 4, 
Bruxelles, 1899, p. 61 ; ii. Fasc. 2, 1902, p. 23. 

® Proc, Oamib, PUl, Soc. x. 1900, p. 236 ; Trans. Zool Soc. xvi. Pt ii. 1901, 
p. 115. 

3 Aner. Nat. xsxiii. 1899, p. 721 ; Soiencs (2), ix. 1899, p, 314. 
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jH‘Ctoral fms, At^t'urdni;^ to tho saiiu‘ obsonor, the air-bLuIdcir 
is an aaa‘ss<ay rt‘spiraluiy oruan, sup}»leuit*iilaty to the gills, 
r«it}u‘r than a hydrostatic organ. 

In I\ ///VAZ/'tiie eggs ripen from dune to September, inclusive, 
and, as in ukksI other Xilo Fishes, the breeding season is during 
or just afttu' the junuod of iumulalion. P. and P. 

/(fprtfthf spawn iluring the rainy s(‘ason in the mouths of duly, 
August, and Sept-ember, but nothing is certainly known as 
lo tlu* phiee or modi* of deposition of the eggs. During the 
biviHliug season Pofi/pfr/'tfs is unusually active and excitable, 
jind at this jienod the anal tin of the male becomes greatly 
thickimed and t*nlarged, and has its surlace thrown into deep 



Fm. 280. — Map hliowmg tlw (Ustnlmtion of the Polj ptenilao. 


folds between the su(‘c*essive lin-raysd The use of the modified 
tin is nut known. J )uring his stay at McCarthy Island, about 
160 miles u}) the Kiver Gambia, Dudgett" was fortunate in 
secairing a larva of P, sener/aJuSj 1 to inches in length, or 
only about one-tbird the length of any larval Polyptcrus previ- 
ously known (Fig, 281). The larva is described as a most 
beautiful objec‘.t, “ marked with black stripes on a golden ground, 
with a conspicuous golden stri])e on each side above the eye, 
across the* spiracle, and along the dorsal surface of the external 
gill/’ The pinnate external or cutaneous gills were relatively of 
mutdi greater size than in the considerably more advanced stage 
figureil elsewhere;'^ and reached half-way to the tail. The dorsal 
fin is not divided into finlets, and behind it is continuous with 
the caudal, while the anal fin is scarcely distinct from the 

^ Budget t, TniM* Zml, Hoc, xv. Pt. vii. 1901, p. 330. 

^ Tratin Zuoh Hoc, . kvi . Pt ii. 1901, p 118 ; also footnote on p. 317. ® p 290. 
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lower lobe of the caudal. The iin-rays which KUp})t»v{ the 
ventral portion of the axndal fin are more imnu'rous and lonj^m' 
than those in relation with the dorsal lobe, and hence air tlii^ 
stage the tail is really heterocercah 


/ 



Fiq. 2S1. — Larva of PolypUrus senegahfs. x 4. Showing its charaotiTistio uttitu«h‘ 
when resting on the bottom of an aquarium, and the large sizt* uf the cutaneous 
gills. (From Budgott.) 


In the genus Galamichthy$ the body is greatly (dougate and 
Eel-like in shape. Pelvic fins arc alhsent, and normally there i« 
no suboperculuin. The dorsal finlets are more isolated than in 
Foly;pteruSj and each spine supports but a single soft ray. Only 
a single species is known, G. calaharicas'^ (Fig. 282). 



Fig. 282 . — Qalamichthys calahariciis, x J|. (From a siK‘ciineu in the Cambrhl'.n* 
University Museum. ) 


Ocdamichthys has a more restricted distribution than ib/y- 
'pUr%s, and is confined to certain rivers of West Africa, h’irst 
obtained at Creek Town on the Old Calabar river, it is now 
known to occur in the delta of the Niger, on the coast of 
Cameroon, and as far south as the river Chiloango, fro»£ueuting 
the smaller muddy rivers opening into the estuaries.' It is a 

' Traquair, Joum. &col. Son. Ireland (2), 1871, p. 219. 

“ Boulenger, Les Poissons du Passin du Congo, Bruxelles, 1001, p. 27. 
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rU()\nkt)sTi'i 
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vrry s\vimiiini,u: like a Miaka, and suhsistiuir t)n 

HiiM'rts and (TUstacaa ns. Tin* anal tin is enlarged in the iu<de, 
and the vuung are ^irovided with eulaiieous gills. i'aUtmivhfinj^ 
ina\ attain a length ef iu‘arly 4t> eni. 

In tht‘ remaining Telenstmni v A(TiXOPTKUYun) the paired tins 
art* in\aria]>ly mai-lobate, with abbreviate, luultibasal eiidoskeletal 
su])ptirts. Fin-rays are tin* mam su])porl> of both the median 
and pairetl tins, dugular plait *s are usually repla(*ed by branchio- 
stt*gal rays, but botih may <*o-exist. The Actinopterygii are the 
stu*et‘ssta’h of tlu* ( h\»ssopterygii in j)alaeontologieal se(j[uence, 
and wht*u iht* latter began tt> dtteline in Carboniferous and 
Permian times, the former, mainly repri*sentGd by the earlier 
tdiondrostei, had alreiuly become the dominant h'islies of the 
period. 


Order IL Clioiidrostei (Acipenseroidei). 

In tli(*st' Fishes, the oldest and the most primitive of the 
A(‘tiuoptt*rygii, the tin-rays of the nu*,dian tins still continue to 
retain tlndr i>rimitive numerical superiority over the radials, and 
the tail is hei(‘nH‘er<‘al. There is a single dorsal and an anal 
tin, which, like the upper lobe of the caudal fin, are generally 
provided with fulcra. Pelvic tins alxloinmal. tSquaniation 
typically rhombic and ganoid. Verkdiral column acentroiis. 
So fur as is known the chondroeranium is but little ossified, 
and the cranial bones are mainly dermal. The secondaiy pectoral 
girdle still includes a pair of infni-clavicles. 

The {'hondrostei arc first represented in the Lower Devonian 
by the solitary Palai^ouiscid gimus 0/teirolrjds, a contemporary of 
the earliest Cross()pter)^gii. They occur throughout the Mesozoic 
period, except in the Cretaceous, and also in the Eocene, and 
while steadily diminishing in number and variety they gradually 
<ipproximate to their degenerate and in vsome respects liiglily 
specialised descendants, the Sturgeons and Paddle-Fishes of the 
existing Fish fauna. Of the seven families included in the 
group the Palaeoniseiclae are the oldest and the most generalised. 
The Platysomidae are a specialised offshoot from the Palaeoniscidae, 
and, if they are rightly to be considered as Chondrostei, perhaps 
the same may be said of the problematic Belonorhynchidae, On 
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the other hand, theie are ceitain lextines in the Catopttiulu 
which indicate an appioach to Fishes oi m ilio^etha mou niotUni 



(liom Tuquiii ) 


type Finally, the Chondiosteidae 



lepiesent a sta^o m a tauei 
oi dcguiciition the clnin\ 
of which IS itachul hj the 
modem Pol}t)tlontidu ind 
Acipens( nd le 

Fam 1 Palaeomscidae ^ 
— Fishes with fusiloua hodu 
shoit dorsal and m il tins, 
and u&uall) with a (oiuplUi 
investment of arlunlitnu 


ihombic, lauly ( n loid, ganoul 
scales (Fig 2S >) lul<ia 
genenilly pit sent at the h ist s 
of tlie medniu fins, luul espt ( i- 
ally along the doisal btatlei (d 
tlu ii])pei caudal lobe Ihl>H 
<iie not hnown to be picseni 
Skull invested by «i \ei} eom- 
l>lete senes oi p<ured deimul 
bones, which lu niimbtr and 
disposition oonfoim to the 
nonnal Teleostome tjpe* (Fig, 
284) The secondary upper jaw includes both piemaxillae and 
large maxillae , and, as a rule, both the dentaiy and Bplem<il bones 


Fig 284 — Outline restoiation of the ikull an I 
secondary pectoral girdle of PaIaeom<snts 
maci ojpoinm aii Angulaa ?? r, branchio- 

stegal rays , d, clavicle (cltitlirum) , 
dentiry , d cc^, dermal lateral etbmoid , 
frontal , ^ Uy infra clavicle , t qp, suboptr- 
cnlnm , vix, maxilla , n nostiil , tp, oi>u 
culuni , 07, orbit , p pauetal , p/ pectoial 
fin p W'c, prein ixilla , p op^ preoperoulum , 
p t, post temporal , s I ‘?upia clavicle , a o, 
circumorbitalb , squimosal, the single 
median bone ovci lying the short xostium 
IS probably a dermal mesethmoid, and the 
one intercalated between the squamosal 
and post temporal a supra temporal Iho 
dotted lines indicate sensory can ila (From 
Traquair ) 


^ Traquair, Monogr Palaeont Soc 1877 , Qimt Joum Qtol Soe xx\m 1877 , 
Trans Hoy hoc JSdinb \xx 1883, p 22, Ami May Nat ITist (1) xv IS/f, 
p 237, Smith Woodward, Miyn Gcol Smv N, h WaUs^ Palacont K’o 1, 1800, 
and 2^0 9, 1895 
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ijf thi‘ lowtT juw ,iri‘ Ex(M‘pt inr the {i,l»seiu*,o of an 
iutou^poreiihmu the njH*ivuIar M*rit‘s uf hones is e.oui]>lete, mdiul- 
iuer numerous hrauehh»siej^al ra%s. There is a siuyle small 
luetiuu jmrular pl.ite. 

Tie* i’alut‘oui>eiilie are remarkahle both for thoir iiuhvidual 
ami sptH'ttie. ahundanee. and fur their extensive range in time 
Itepn'N'uled only by / 7 /e//v»/e/n.s' 111 the ilidille Old Eed 
Sandstone and l)e^«mian, lh»‘ tundy attained its maximum 
dt‘velnpnu‘nl in tht‘ laim* Valaeozoie. roeks (C*arboniferous and 
Lower Lermi.in'^, ht‘eame rare in the [Mesozoie, iiiially dwindling 
away utr the dost* of tlio tJurassie ])eriod. Tiieir oeographieal 
dislrihutiou in the ])ast is hardly less nanarkalde. In various 
geological fonuatitms th<‘y have hetm found in (koat Britain and 
Irelaml^ m widely remme, ]>arls of eontinental Europe, and in 
North Amerit’a, South -.Urica, and Australiiu Cheiwlejfu, Amhhj- 
I*h(nieMfi^ony Elonirhthj/fi, Uryphioleph, Pitlaeo- 
and arc Palaeozoic genera. Gyroppisy Urohpis, 

(Wvtfh^piSy Oityynaihifs, and (UfUrohpis are charuotoristio Meso- 
zoic f(»rms. 

Pam. 2. Platyaomidae.^ — More or less deep-bodied Fishes, 
with elongat(*d dorsal and anal fins, a high head, short jaws, 



usually armed with bluntly conical tritoral teeth, and a complete 
investment of high, narrow, rhombic scales. They agree with 
the Palaeoiiiscidae in their osteology and in most other essential 
1 Traquair, Truns. Poy, ^oc, Edvib, xxix. 1879, p. 343. 
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features, and they flourished in large numbers during the ( iirbiv 
niferous and Permian periods. Flatysinnua ranges Iroin tlie 
Lower Carboniferous to the Upper Porinian in CJreat Ihitain 
and continental Europe, and also occurs in the (hrlxmiierous 
of North America, Earynot.as (Eig. 285), and the singularly 
deep -bodied Ghcirodus (Fig. 286), in which pelvic iins are 
unknown^ are British Carboniferous genera. 



Fig. 2S6. — Eestoration oi Cheirochis granuloms. (t,cct^ nermal lateral ethmoid ; (hcOu 
dermal mesethmoicl ; tl.sp, either a dermal sphenotie or a post-orhital l)one ; /./, 
lateral liae; orh^ orbit. The pectoral fin is iinlicated in (lotted onlHn<.», Oilier 
reference letters as in Fig. 284. (From Traqiiair.) 

Fam. 3, Belonorhynchidae. — The systematic })().sition 
these Tri^ssic forms is very doul)tful, and it is by no means 
clear that they are Chondrostei at all. 

Fam. 4. Catopteridae. — It is very prohalilo that this widtdy- 
distributed Triassic family is an offshoot from the Palaconiscidai*. 
It agrees with the latter in the general character of the lu‘ml 
and pectoral girdle and in the rhomliic scpiamation, but diiR^rs 
from its progenitors and approaches the more modern Ilolostei 
in the semi-heterocercal condition of the tail, and in the a]>])r(^xi- 
mate numerical agreement between the fln-rays and rudialia of 
the dorsal and anal finsd 

^ Smith Woodward, Brit Mus. Cat, Foss, Fishes^ iii, 1875, p. 7. 
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Pam. 6. Ohondrosteidae. — Tln^ taiuily aiioiils an interesting 
annectant link between the P.ilaeniuseidae and then des^eueiate 
In ing reprt‘s(‘ntatives the Polyodniitidae and Ac ipeinendae. 
They agive ^^ith the latter m the geueial sh*ipe of the body, the 
grov\th of a inH‘oral Kntnini, and in the relativcdy binall size 
of their \entr<dly-plaeed and piobaldy protiiisilde mouth (Pig 
287). The skin is entnely scaleless, excejd on the upper lobe of 
the (tiud.d fin, where, as in Palyodon and Japtu'^tr, the primitive 
rhombic squaimition and a senes of fulcra are retained. 

On the other hand, their relationship to the PalaeoiiLscidae 
is indictitc‘d by the general disposition of the dernitd bones of 
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1 1 f, *2^7 He 'itoi.dion ('>f tin sktleton of OhJi ndro^inn mipensoonk’S a/, Anal fin ; 
t h (iitto.lnil, c, t\i ; // </, li<u‘uul iidus, hum^ looniaiuUlmlar , p ingal , 
nt!^ luinil ndus, n f, n<ttotli<»ia , // s luuiil spiiKs , ;« /, pectonil tin, ;>/, 
pilvu tin, *1 suhuiliitil; s /i, subopiuulum , otha rdir^ute ktteih as m Tig. 
list, { Mti 1 Smith \\ ckhIw u<l ) 

the cninitil ro<f, ami the presence of a transverse row of supia- 
tempoiaK and of an e\tensi\e senes of laanchiostegal rays 
(Fig, 288). The family is lepresented by Vlwndrostem^ from 
the l-ower Idas of Dorset and Ldeestershire, «ind fi()m 

the l"ppt‘r Lias of Voikshae. From an evolutiomny point of 
\iew it is significant that th(» diondiosleidat* do not make their 
ap]HMr<in<*i‘ until the F<il<ieonis(‘idae an^ a])])r<>aching extinction. 

The* two icmainnig fimilies, the l^dyodontidae and the 
Acipi‘UstTi<lue, ngiee in jiresenting a lemaikablo leaven of char- 
acters otlu^rwi.s(» <hstincbivt* of the typic<tl PHasmobranch, asso- 
idatetl with certain jirimitivc fejituies which they have doubtless 
inherited fiom some remote aucestitd sttKik common both to 
existing Klasmobranchs and to the other primary groups of 

* Ti,u{U,iir, (hvL M(uj, O) iv. 1887, p *218 ; Smith Woodward, Hrit, Mm, Oat, 
Fim, Fi^his^ m 1805, p. 22. 



490 


FISHES 


cn VP. 


Fishes, and also with others obviously due to de^^tuuuMtitJU. The 
most interesting illustration of the first point is to 1)0 iound in 
the condition of the primitive upper jaw whieli, espeihully 
in the Polyodontidae, is typically Elasmobranch in the intHli.in 
union of the palato-quadrate bars beneath the basis ernnii, bin 
Teleostome in the presence of a secondary upper jaw rormt‘tl by 
two maxillae. Both families also agree in possessing an aconlrous 
vertebral column which, if it does so far resemble that of Teleo- 
stomes in being potentially arco-centrous, nevertheless has a 
better developed series of distinct inter-dorsal and intor-vmitral 
cartilages, regularly alternating with only partially bony luisi- 



Fig. 288. Lateral view of a restored skull and pectoral girdle of ftctfini- 

^oides.^ a, Angular ; br, brancliiostegal rays ; <•.//, ceratodiyal ; 

Dular ; y, jugal ; jp.f, post-frontal ; suUoperculum ; s.t, suimi-teiui>t>ral ; other 
reference letters as in Fig. 284. (After Tra(iuair.) 


dorsals and basi-ventrals, than is to be met witli in any otlu'r adult 
Fishes except Elasmobrauehs. Primitive features are apjiarcnt 
in the presence of spiracles, sometimes aasociatod witli ps(‘U(lo- 
branchs; the presence in one family (Aciponsentbu') of >i 
hyoidean hemibranch supplied ■with blood directly from the 
ventral aorta, and the existence of a multi-valvular conus 
arteriosus and an intestinal spiral valve. Finally, the massive 
growth of the ohondrocranium wholly devoid of cartilage hones, 
except in so far as they may be represented by splint-Iiko 
membrane bones, the fragmentation of the investing dermal 
bones, the degeneration of the opercular skeleton and the los.s of 
branchiostegal rays, and the almost complete disappearance of 
the primitive rhombic squamation, are probably to be regarded 
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as tlh^ onlt*ouu* of ii lon^HM*utuiui‘il nt' Inna 

j^onn* nnunt<‘ P.il.tanuisrul aiu*t*>tur. 

Fam. 6. Polyodontidae. - - Tla^ rulyikloutitUo niv imnv 
and in sonif* fnatuns (hnndailly nioiv, SoLu'lnuul 
than tha A<niH‘ust*ruiai*. ImuIv fnsifnnii aiul sraltdoss, 

iiut thn squaniatiou i.s Mill n‘prosriitt‘(l by isolaiod 

vnstiLTial sralns iiiibadd^d in Uu* otherwise soft skin, and by a 
ooniinuous soni‘s of rhoinbio. scab‘s on tlu‘ n]>jKM* (‘audal lobo, 
whioh also h<is a dorsal frinifo of larp‘ fiilora ^ U(»strum exc*r])- 
tiunally lou.t:, spatulito or somowhat; c‘oiueal, with a rigid axis 
uml thiuiun’ and niora fh^xible margins. Barbels absent, iltnilh 
widi*, not spout-likt\ Pectoral tins dcwoid of sj^ines. Two purs 
of lutMubrane-closed va(‘uities separate the iniirtMl d(*rmal bones of 
the tTauial roof (possibly jiainetals and frontals) from the movt‘ 



Kia *' tulinHi fs Ahun , j, lutTu ; w, nostrils ; <>/>, openiuluiu ; 

At*, rluimliu* mmU's m i)w upiH»r oinaal lobe ; s/;, l*»ft spiiack*. 


laterally-pkuutd post-teui]Jorals and sipiaiuosals, and there arc no 
median jdates jiosterior to the orbits, nor any representatives of 
sujjvademporak A feohh‘, suho]H*reulum is retained in addition 
iu a small rayed operculum. Hyoidean henuhraneh completely sup- 
pressed. Two gent‘ra only are. known, each with a single specdes. 

Tlie I^iddle-Fish or Hpoou-Bill, J^^h/odon folium (Fig. 2891 
iuliahits the riviTs of the. Houtheni States of Xorth America, the 
Mississippi, Ohio, anti Missouri, and their numerous tributary 
rivers and sf,rt*ams. A Fish of sluggish habits, J^olyodon feeds 
chitdly on mud ami the. minult^ organisms it contains, the excej)- 
tionally long gill-rakers probably forming an efficient filter to 
prevmit tile- fotid particles escaping through the gill-clefts with 
the expimt.ory waftT current. The singular rostrum is appar- 
ently us<*d for stirring u}i the mud when feeding, but in view of 
the muddy waters the Fish frequents, and the very small size of 

* .fiinlttn «n<l ISvprmanii, “ Finbes of Nortb and Middle America,*^ Bulf* 

Xab .Uus. No. 47, Pt. i. im, p. 101. 
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the eyes, its value as a tactile organ must not 1 k‘ o\ (‘vlooked. 
Polyodo% may attain a length of 5 to 0 feet The time of 
spawning varies, according to locality, from ]Mtirt‘h to rhino. 
N’othing is known of the development of Poli/odon, Young less 
than 6 to 8 inehes in length are unknown, and sjiechiums »>{' this 
size are very rarely seen. The jaws are furnisluHl w ith nunute teeth 
until the Msh is about half-grown, when they become (‘ileiualous. 
Caviare is made from the eggs, and the centres at wliit'li tliis 
industry is carried on are chiefly situated along tlie course of tlie 
Mississippi. The second species, Fsqdiimis f/ZadiuSy inliabits tlu^ 
Yang-tse-Kiang and Hoangho rivers of China, and diffiu's fnnu 
Folyodon in the conical shape of its rostrum and the smalh‘V 
number and lai'ger size of its fulcra. Fi^cp/iurus is slatinl to 
reach a length of 20 feet. The family is represented in the 
Eocene of Wyoming by the genus OroSHOjdtoUs, which is note- 
worthy for the retention of trunk scales in the form of sm.ill, 
somewhat quadrate denticulated discs, arranged in obli([ue rows. 

Fam. 7. Acipenseridae. — In the Sturgeon family tla^ body 
is elongate, cylindrical, and somewhat bulky. Ilostrum well 
developed and often massive, with a transverse row of simidt* or 
branched preoral barbels on its ventral surface. Mouth small and 
remarkably protrqsible. Jaws devoid of teeth except in the larvate 
As in the preceding family, the primitive rhombic sipiamation 
is confined to the upper lobe of the tail, which, like tlu‘ dorsal 
and anal fins, is furnished with fulcra. Elsewhere the scales 
represented by five longitudinal rows of large bony scaites ami 
by intervening small scattered ossifications. The antiTii^r dermal 
ray of the pectoral fin is stout and spine-like. I'he dtu’iual 
bones of the cranial roof suturally articulate with one another 
to form a continuous shield, uninterrupted by lateral va<*uitit*s, 
A median dermal bone in the occipital region transmits the 
occipital sensory canal. The opercular series is rtquH'senhHl only 
by an opercular bone. 

The family includes but two genera, Acipemer (Fig. 290) and 
ScapJhirliyncJms, and about twenty species, confined to the stjas, 
estuaries, and rivers of the temperate and north temperate n*gions 
of the northern hemisphere. Acipe7iser includes the more ty])i(jal 
Sturgeons, and is distinguished by the presence of spiracles, and 
by the fact that the longitudinal rows of scutes remain distinct 
to the base of the caudal fin. There are probably about fifteen 
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thf i‘xjn*t uuiulu*v is inu'orlaiii Sturiifonsare almiulaiit 
in llu* l»lack Saa, iht* Sea of Az<iv, the ('as][aan, aiul llieir tnhu- 
iary ri\ers, notably the Dainibt^, I>oin ])nie])ei\ Ural, and Yol^^a. 
They are alt't) ]nH‘heiil in the rivers and on the ei>asts of Xorlhern 
Kuroju* aial of (^hina. Fivo sjuvies oeeur in Xurih America, on 
tht‘ Allautie and Paintie eOiisls. and lu the rivers of these regions 
as \\ell as in th<‘ (xn‘at Uikes ‘ One or two species are alnuist 
e\eluM\ely fri‘sh"\vjitt‘i\ but most Sturgeons are migratory Fishes, 
In mg in tla^ sea, hut aseeuding rivers for siiawning. Their food 
eoiiMsis of worms, molluscs, the smaller Fishes and atpiatie 
plants: ami in fei‘ding the mouth is in'otruded dowmwards in 
the form of a cylindrical, sjxmt-like structure and thrust into the 
mud. The only s]u*en‘s certainly known to freipent the British 



la., Ciat-Th*‘ ( ln;i»’?ovv n, I>urlu*ls , r/, ('autltil Im , r/,/, dousal 

t.n . / rf ^ tat *, /o\f, }H*hie Im ; o‘, , v.j\ ventral or anal tin. (Finm 

Paiti'r .ihti alter t'mn'r ) 


coasts IS the ('(uuimm Sturgt‘ou {A atifrio), whieh is also found 
in tht‘ Black Sea ami Uu* Mcditenancun, and is abundant on the 
Atlanta* coast (»f North America frtun llaine to South Carolina. 
'I’hc .Hpi*cics o<‘curs all naaul our coasts, more plentifully, perhaps, 
on the norlhern and i*usU‘rn shores. In the. spring and summer 
the Fish imccnds the rivers, often to a. considerahle, distance. Its 
pr*‘s<*ncc has hi*cn recorded in tlie Hevern, near Shrewsbury: in 
the Trent at NoUinghum, and al.<o, hut not in recent years, in 
tla^ Thames al>ove Umdon Bridge.^ In this country the species 
is a ** Royal Fish/* and by an unrepealed Act of Edward II, it is 
euacitnl that ** tin* King shall have the wreck of the sea through- 
<mt the realm, ’Whales and (Jreat Sturgcoius, oxcejit in certain 
]>lac«*H privilegt'd by the King.”** If not so large as some of its 
itussiau relative.H, A. often attains a great size. Even on 

* Jordan nn<l Kv<*nn<inii, op, cif* p. 102. 

® I),ty, Fishes 0 / Great Mritain mid Ireland, h. 18S0-84;, p. 282. 

* III,, op, eit, p. 279 
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our own coasts tlie capture of individuals S to 10 loot in Uaiii'th 
has been recorded. The great Eussiaii Sturgoim (-1. ////''“")’ ''-hioh 
is common in the Black Sea, the Sea of Ai:ov jituI tlio ( aspian, 
and in the rivers flowing into them, is the largi‘si ol all tlu^ 
Sturgeons, individuals weighing 2760 and 2200 pounds lan ing 
been captured. The Sterlet (jl. similarly ilistrii»utt*d 

and often ascending the Danube to Yieima, is luuoh siaalU*r> 
rarely exceeding a length of three feet. 

In Europe A, spawns about duly, but in North 

America (Delaware river) dining May. Small in sizo, lln‘ oggs 
are produced in enormous numbers, a siiighi lomalt', it is siiid, 
producing about 3,000,000 in one season. They are invi*stod 
by a gelatinous sheath, so that they readily stick to one another 



pU 


Fig, 291. — Larval Acipnis'cr ruthenvs, a, Anus; h barliels; e, //, 

mouth, vs-ith teoth , ol,o^ olfactory organ; op^ oi>eruuluiii ; iH'otural lin i 
spimcle. X 10, (From Kitclieii Parker.) 

or to otlier objects, and, when deposited, they adhere in stvt‘aks 
or sheet-like masses to the bed of the river. Tim young an* 
hatched very early, about tlie third or fourth day in 
and in the Sterlet between the ninth and twelfth, the length of 
the larva then varying from 7 to 10 mm. Whcm tlu*y are a fttw 
days old the larvae closely resemble those of existing ilolosttd 
except that the small ox)Grcular folds leave the gills frtiely <*x- 
posed (Fig. 291). A shallow iugmented groovt^ in fnuit of the 
mouth apparently represents the sucker of the young Ambf and 
Le^idosteus. Although toothless in the adult, both thti Sturg(*on 
and Sterlet possess vestigial rudimentary, uucalciliticl, larval tec‘th, 
which in shape resemble the teeth of a Dog-Fish, consisting of a 
broad base and a sharp spine. 

The Sturgeon is a Fish of considerable e('.ouoniic iin]KTtanc(i. 
The flesh is an article of food, and from tlie ovaries of certain 
Eussian and American species thousands of hundredweights of 
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t'uviiirt* aiv ^nviKiivd annually, Ltirj^a t[uuntitu\s nf nsm^lass are 
(♦hlaiutal from tho air-bladders^ in the Vniiod J^laU‘s and in Russia. 
Tlu‘ origan is split npen and washed; the inner lining* is then 
stripped nlV and the bladder dried as rotr^h isinglass. 

The setM>nd genus, l^raphirhi/nelnis, winch includes the 
Shnvel-iu>si‘d Sturgenns, dillers frnm AcijiC/isrr in tlie long, 
ilattemal, and almost spatulate sha])e of tlu‘ rosiriiiu, the sup- 
pression of th(‘ sjaracles, and the union (d the longitudinal rows 
i>f seutt‘s henoath tJie dorsal lin to form a scaly armature com- 
pletely iuvi‘sting the tail Th(» distribution of the genus affords 
an luttu-esting parjillel to that of the rolyodontidae. Of the 
four spi'cies, one (K phttjfrhynehdis) is common in the Mississippi 
\ alley and in the rivers of the AYestern and Southern States of 
Xorth Anundea, while the remaining species, also exclusively 
fntsh-wjiter, freiiuent the rivers of T*irtary. 

The Aidpenseridm are not known to occur earlier than the 
Tertiary, Scutes, pt^ctoral spines and fragmenta.ry bones, indis- 
tinguisliable from tho corresponding parts of existing species, 
lane been recorded from the London Clay of the Isle of Sheppey 
(Lower Eoccaui), and from later Eocene deposits in the Isle of 
Wight and Ham]>shiro ; and also from the riiucone of England 
(Red Ch’ag of Suffolk) and Virginia. 


Order III. Holostei (Lepidosteoidei). 

The Jlolostei inclnd(* a large and somewhat heterogeneous 
assemblage* of Fishes, most (d‘ which are now extinct. As a 
group they are ]»y no means easy to define or delimit. Widely 
se]»ar.ile<l fiom tla* ( ’iioudrostei, there is little evidence of the 
(‘xislenee. of eoumuding links In^tween the two groups, although 
in sonu* v^'-peots the Caio]>toridae may he regarded as transi- 
tional. On tin* other side, however, the Holostei shade off 
almost imper(*eptihly into the 'Mulacoptorygiau Teleostei. In 
differtnil fossil ami recent Holostei there may he traced the 
gradual ucijUiHition of the more s]>(‘.cial Tcdcostefin characters 
and the elimination of the more ar<diaie features of their remote 
Tehuistomi^ ancestors ; and m a general sense this may be taken 
as the* key to tlu* more salient at tributes of the group. It is not 
suggested that all the families of Holostei are, on the direct lines 
of Teleostoun descent. Some families, like the Eugnathidae and 
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Ainiidae, may possibly occupy this position, Inii <)thi‘rs, stich 
the Pycnodonts, for example, seem to he hijLchly spt*(*ialised am I 
terminal offshoots which have left no deseondants. Of the more 
generalised features which different Iloloslei meuiitai may 

be made of the prevalence of rhombic settles \\hi(*lu like the 
dermal cranial bones, are generally invest t‘d ]>y a \ariou.sly 
ornamented coat of ganoin; the presence of fulcra, clu‘(‘k-]»lates, 
post- or sub-orbital ossicles, and of a complex lower jaw, vhi(‘h 
includes dentigerous splenials; and the ah<lominal juMtiou of 
the pelvic fins. On the other hand, indication of advamdiig 
specialisation in the Teleostean direction are to he noteil in the 
numerical agreement between the dermal fin-rays of tlu* median 
fins and their supporting radialia, and in the (‘liara(‘ter of tht‘ 
vertebral column. Some Holostei, especially the carliiU‘ forms, 
are acentrous, but between this coiulition and the 

possession of well-ossified centra, associated with tnpially hony 
arcualia, almost every gradation is to be found. The t'homlro- 
cranium is more or less completely replaced hy cartilage hones 
corresponding to those generally x>i’Gsent in Teleosts, whih* the 
palato-pterygoid cartilages, likewise modified l)y tlu‘ growth of 
cartilage bones, separately articulate with the laterd (*thmoiil 
regions instead of meeting in a ventral symphysis beneath the 
basis cranii With rare exceptions certain PyeiuKlonts) the 
opercular skeleton is complete, and includes l)ruuchiostcgal rays ; 
and although a single gular plate is often ]>resent, it may be 
absent in entire families. Like so many other stru(‘turi‘s, Uu^ tail 
is in a transitional state : really heterocercal, hut ineipiently homo- 
cercal, it may be described as semi-heterocercal. Infra-elavicuilar 
plates no longer form part of tlie secondary pectoral girdle, their 
place being taken by cleithra which, as in most. Tel(‘osts, meet 
in a ventral symphysis. 

Indications of transition are not wanting in the S(piamatiou 
in certain families, and may be seen in the partial or comphde 
replacement of the rhombic type by thin, imbricated, cy(d<»id 
scales. Lastly, the soft parts of the two surviving genera are not 
without features of similar significance. A multivalvular (*onuH 
arteriosus, it is true, is still retained, but the spiral valve is 
vestigial, the spiracles are closed, and in the female of one genus 
(Zepidosteus) the gonoducts are peritoneal tubes, continuous, as 
in most Teleosts, with the investments* of the ovaries. 
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Ihe Fishes here included in the Holostei constitute the 
Piotospoiid}li and Aetheospoiidj li of Smith "Woodward^ In the 
foimei group veitebial centia are eithei entiiely absent, oi, if 
present, their components in the form of alteinatmg hypo- and 
pleuro-centia imaiiabl} lemain distinct in the tail The lattei 
gioup has l)een instituted for the piovisional reception of two 
highly specialised families of unceitam relationships, which diffei 
fiom the Piotospondyli in their higher grade of vertebral 
stiuctuie, the centia alwa}s being complete without any indica- 
tion of distinct hjpo- and pleuio-centia 

The Holostei first appear in the Permian, wheie they are 
lepiesented by a single genus {Acenh o;phoo uh) During the 
Mesozoic period they were abundant in the Trias, reaching their 
maximum development and becoming the dominant Fishes of the 
period in the Jurassic In the Cretaceous they began to declme, 
and in the Tertiaries became reduced to the two families which 
at the present day are the sole survrvors of the group 

Of the SIX families of Piotospondyli the Semionotidae are the 
oldest and most generalised and the Macrosemiidae a closely 
allied group The Pycnodontidae are a highly specialised and 
terminal offshoot The Eugnathidae obviously lead to the 
Amiidae, and from the same stock it is probable that the Pachy- 
coimidae have been denied The relations of the Aspidorhyn- 
chidae and Lepidosteidae (Aetheospondyli) are extremely doubtful 
That the two families are allied seems probable, but beyond the 
jiossibihty of a remote connection with the Protospondyli there is 
no clue to their ancestry 



Fam. 1 Semionotidae — Small -mouthed, fusiform or deep- 

^ Br%t Mils Cat Foss, Fishes, iii pp 48, 415 
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bodied Holosteans with rhombic scales, raiely, as in Aciheolejii^, 
cycloid in the caudal region. All the fins possess fulcra. Teeth 
more or less conical, with a tendency to become tritoral in certain 
genera. Jugular plate present or absent. Acentrophoriis 
Permian) , Semionotus (Trias of England, Germany, S. Africa, 
and N. America); Lepidotus (Eig 292) (Trias of Germany, 
Jurassic of Europe and India, Cretaceous of Brazil) ; the deep- 
bodied Dajiecluis (Lias of Doiset, Eig. 293), and Aetheole^is 
(Jurassic of New South Wales) are characteristic genera. 



Fig. 293. — Restoration of JJapedius 2 ^olitu^ Lower Jnrasjsic, Dorset, x p 

(After Sautli Woodward ) 


Pam. 2. Macrosemiidae. — Closely related to the Semionotidae, 
but with a more extended dorsal fin. Macroseimus (Upper 
Jurassic of England, Germany, Erance); (Ujiper Jurassic 

of Naples, Bavaria, Prance) , Fetalojpteryx (Upper Cretaceous of 
Syria). 

Pam. 3. Pycnodontidae. — Highly specialised deep -bodied 
Pishes, with a small mouth and characterisLic grinding or 
tritoral teeth. Scales rhombic. Pulcra absent. Dorsal and 
anal fins long. There is no jugular plate. The family ranges 
from the Lower Lias to the Lower Eocene, inclusive. Mesodon, 
Mcsturus, Gyrodus, and Microdon are Jurassic genera. Coccodus 
and Xenojpliohs occur in the Upper Cretaceous of Syria (Moimt 
Lebanon), and Pycnodus in various European Eocene formations. 

Pam, 4. Eugnathidae. — Large - mouthed, elongate fusiform 




Fig. 294 — Restoiation of Caturus fvrcatns, omitting the squamation. x 
Uliper Jurassic ot Bavaria. (Fioni Smith Woodwaid.) 


Fam. 5. Amiidae, — Body fusiform and somewhat compressed 
Scales uniformly thin, cycloid, and imbricated. Single dorsal fin 
long and low. Anal fin short. Tail nearly homocercal, with a 
rounded hinder margin. Fulcra absent from all the fins. 
Moderately large conical teeth are present on the premaxillae, 
maxillae, palatines and dentaries, and smaller teeth on the 
vomers, pterygoids, splenials and parasphenoid. Pre- and post- 
centra fused in the trunk, forming complete bony amphicoelous 
centra, but distinct in the tail. A single large jugular plate is 
present. In the solitary living species the air-bladder is cellular, 
and its afferent arteries are derived from a posterior aortic arch. 
Pyloric caeca absent. Two pecuhar comb -like structures are 
present on the throat. 

. The Bow-Fin (ATma caha), the sole existing representative of 
" the family, is abundant in the rivers and lakes of Central and 
Southern North America, including the great lakes Huron and 
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Erie. It is a voracious, carnivorous Fish, preying upon other I ish 
as well as upon fresh-water Crustaceans and Insects, very tenacious 
of life, and of no economic value. The male is smdller than the 
female, about 18 inches in length, and is distinguished by the 
presence of a round black spot, enciicled by a margin oi oiange, 
at the base of the caudal fin (Fig. 295). The female may 
exceed 24 inches. 

Amia frequently rises to the surface, especially when the 
water is foul, and takes in large mouthfuls of air, and it is prob- 
able that the air is subsequently passed into the spacious cellular 
air-bladder which acts as a lung. The breeding season, during 
which the coloration of the Fish is more brilliant thto at other 
times, lasts from the beginning of May to J une, but it may begin 
and end somewhat earlier If the temperature be favourable. The 



Fig. 295. — The Bow-Fin {A7Ma caha), (From a specimen in the Cambridge 
University Museum.) x J. 


Fish makes its way from the deeper water, where it has rcinained 
sluggish during the winter, to the spawning ground. This is 
usually at the swampy end of a lake where there is an abundance 
of aquatic herbage intersected by channels of clear water. There 
the Fish is said to circle round until the soft weeds and rootlets 
are bent and crushed aside, so as to leave an area having the 
appearance of a crude form of nest,^ in which the eggs are 
deposited. They may be found in enormous numbers adhering 
to the leaves and rootlets of the weedy home. After oviposition 
the male remains on guard until the young are hatched out, 
when they appear to leave the nest in a body, still under the pro- 
tection of their watchful parent. At all events a little later the 
male has been observed to be accompanied by a swarm of young 
fry, which he keeps together by circling round them. The 
development of the eggs is remarkably rapid. From the first 
cleavage of the egg to the hatching of the embryo the whole 
^ Ba&hford Dean, xxsviii. p. 413 . 
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process may be completed witlijn from 4 to 8 days. AVhen 
hatched the larvae are about 5 to 6 mm long. They possess a 
large yolk sac and a preoral sucker for attachment. The pectoral 
ns are conspicuous structures before there is any trace of the 
pelvic fins 
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especially in PTotosj)hyrciena (Cambridge Upper Greensand and 
the Cretaceous of Europe and North America), it becomes greatly 
elongated and associated with an exceptionally strong dentition. 



Pam. 7. AspidorhyncMdae. — Long-bodied Fishes, with a 
pointed preoral rostrum, sharp teeth, and deep rhombic scales. 
Fins small, the dorsal and anal being remote from the pelvic 
fins. Fulcra vestigial or absent. Jugular plates not known. 

Two genera only are known. Asyidorhynchus is a Jurassic 
form. Bdonostomus is Upper Jurassic and Cretaceous. Species 
of the latter genus have a very wide distribution (Europe, North 
and South America, and Australia). 



Fig. 298. — Restoration of Aspidorhynchus acutirostris. Upper Jurassic of Bavaria. 
X*. (From Smith Woodward.) 


Pam. 8. Lepidosteidae. — Body elongate, with a relatively 
short caudal region. Tail semi-heterocercal. Scales rhombic, 
thick, ganoin-coated and articulated, not vertically elongated on 
the sides of the body. Dorsal and anal fins short and remote 
from the pelvic fins. Median fins with fulcra. Both the uijper 
and lower jaws more or less elongated, forming a broad and 
depressed or a long tapering beak, near the anterior end of which 
the nostrils are placed. Eyes small. Yertebral centra well 
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ossified, opisthocoelous and tu'^ed \Mtli the neui il The 

inetaptei}^oid bones ha\e a second ir} aiticuLition with tlie 
skull ^ Maxill le segmented into numeious pieces Jugulai plates 
absent Bianc hiostegal ia}s reduct d to thiee on each side Teeth 
numerous, slendei, and of unequal si 7 e In the hiigei teeth the 
dentine IS intncatel} folded Pjloiic cieca branched and com- 
pacted together into a gland-hke miss Aii-ldadder cellular, but 
its blood is not deiued fiom a posteiior aoitic arch 

The onl} known genus is Leptchsteu'^, the existing species of 
winch frequent the fresh waters of Xoith America ^ The common 
or Long-nosed Gar-Pike {L obspub), lemarkable for its long and 
slendei beak, is generally abundant m the risers and lakes of the 
United States fiom Yeimont to the Eio Giande and it ma^s leach 



Pig 299 — {Tepidn^eusplatystoinus) xj (From Bashfori 
Beau alter Grojle) 


a length of five feet The Short nosed Gar " (Z I'itaty^tomus, 
Gunther) has a much shorter and l)roadei beak, and a similar dis- 
tiibution (Fig 299) The ‘"Great” or “Alligatoi Gai ” (L 
iir%d%bj Gunther) has a more southerly habitat, frequenting the 
rivers of the Southern States, Noithein Mexico, and Cuba It 
IS by far the largest species, sometimes 1 caching a length of 8 to 
10 feet 

Lejpidosteus is a voracious Fish, pi eying upon smallei Fishes, 
and, except in the breeding season, it fiequents the deeper parts 
of the rivers or lakes The Fish is constantly in the habit of 
iismg to the surface and emitting bubbles of gas, either through 
the mouth or by the branchial clefts, and it is probable that this 
gas IS air which has been pre\iously swallowed at the surface 
and passed into the air-bladder About May Lepidoste^is lesorts 
in large numbeis to shallower water, where the temperatuie is 

^ It IS possible that a similar articulation, is present in Lepidotus (Smith 'Vr ood 
waid, Brit Mus Cat Foss FiSheSj 111 p 79) 

2 Joidan and Eveimann, op cit p 108, et seq 
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higher, for the purpose of spawning, each female being attended 
by from one to four males.^ During brief recurring periods of 
excitement, accompanied by convulsive lashing movements, the 
eggs and sperm are emitted. The eggs are extremely sticky, and 
adhere tenaciously to the rocks and stones on which they are 
deposited. In a few days the embryos hatch out, and at this 
stage the larva has a huge mouth surmounted by a terminal 
preoral disc, fringed with a row of marginal wart-like suckers 
(Fig. 300). The yolk sac is so large as greatly to hamper the 
movements of the larva ; hence, by means of its suckers, the young 
Lej)ich8teiis attaches itself to surrounding objects, and remains 


ptf 
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anal, caudal, and dor&al nub ; ?/?, mouth ; ol, olfactory organ ; q/;, operculum * 
pectoral fin ; s, sucker. (From Balfour and N. Paiker.) ’ 


almost entirely motionless for some little time after hatching. 
Later, about a fortnight after escaping from the egg, the yolk 
becomes completely absorbed, the suckers degenerate and eventually 
disappear, and the larva, freed from its load of nutritive resen^e, 
assumes a more active life. After the absorption otthe yolk the 
larvae of Mosquitos appears to form the exclusive diet of the 
young Le^pidostcus for some time, but very soon young Fishes are 
readily devoured.^ 

Lepidosteus seems to have been abundant in Europe during 
the Eocene and Miocene periods, but became extinct before the 
Pliocene. In North America, also, the genus dates from the 
Eocene, and still survives. 


Order IV. Teleostei. 


[For the account of this Order, see pp. 541 f.] 


Alex. Agassiz, Proc. Amer, Acad. Arts and Sc. 
Mas. Comp. Zool, Harvard, xix. 1890, p. 1 
^ Mark, op. dt. p. 3. 


xiii. 1878, p. 65 ; Mark, Hull. 



CHAPTER XIX 


DIPNEUSTI 

Sub-Class III. Dipneusti (Dipnoi). 

These singularly interesting Fishes are distinguished by their more 
or less acutely lobate paired fins and their overlapping cycloid 
scales, and by the fact that the bony dermal fin -rays of the 
median fins are much more numerous than their supporting 
radialia. Tail heterocercal or apparently cbphycercal. Xostrils 
inferior. Vertebral column acentrous. The radialia of the 
median fins articulate with the contiguous neural or haemal 
spines and agree with them numencally. Skull autostylic. 
Premaxillae and maxillae absent, but a secondary lower jaw is 
represented by certain dermal bones of \\hich tooth-bearing 
splenials are the most important, the dentaiy bones being absent 
altogether, or, if present, toothless and small. The cranial 
dermal bones include median as well as paired lateral plates, but 
their relations to those of other Fishes are very obscure. Two 
opercular bones are always present, but branchiostegal rays are 
unknown. One of the most important diagnostic features is the 
dentition All Dipneusti agree in possessing large tntoral dental 
plates supported by the palato- pterygoid and splenial bones 
The secondary pectoral girdle includes only cleithra and infra- 
clavicles (clavicles). There is a pelvic girdle. Claspers absent. 
Of the four famihes of Dipneusti, two, the Ctenodontidae and 
the TJronemidae, are exclusively Palaeozoic. The third, the 
Ceratodontidae, is Mesozoic, and still survives. The fourth, the 
Lepidosirenidae, is known only by two existing genera. 

Pam. 1. Ctenodontidae. — Body fusiform. Tail heterocercal 
or apparently diphycercal Excluding the anal fin, which is 
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always distinct, the remaining median fins are either distinct or 
continuous. Dental plates traversed by radiating transverse 
ridges terminating in rows of conical denticles (ctenodont 




Fig. 302. — Outline restoration of Plianero^leui on andersoni. Upper Devonian. 
(From Dollo, atter Tiaquaii.) 


dentition, Fig. 303), Vomerine teeth not known. Cranial bones 
numerous and small, and, like the squamation, with or without 
an investment of ganoin. Jugular plates present or absent.^ 

The oldest genus is 
Di])terus'^ from the 
Old Eed Sandstone 
of Scotland, where it 
is contemporaneous 
with the earliest 
Crossopterygii and 
also with the oldest 
known Actinop- 
Fig. 303. — Dental plates of Diptenis valenciemusi^ nat. tQ^ycrii ( C]ieirolf7lis^ 
size. A, Upper jaw; B, lower jaw. Position of the -n ^ ^ ^ j i * 

nostrils ; p.p^ palatine dental plates ; p»pt, palato-ptery- Ph(t7ieTOJpleUVOU(0\(\. 

(From Smith Wood- 



goid bones ; sp, splenial teeth, 
ward, after Traquair.) 


Sandstone of 
Scotland, Upper 
Devonian of Canada, Fig. 302), Sca'umenacm (Upper Devonian 
of Canada), Ctenodm (Carboniferous of Great Britain and North 


^ Pander, Ueber die Ctenodipierinen des Devonisclien Systems^ St. Poterbb. 1858. 

3 Traquair, Ann. Mng. Nat. Hist. (5), ii. 1878, p. 1 ; Geol. Hag. (3), vi 1889, 
p 97 ; Smith Woodward, Brit. 3Ius. Cat. Foss. Fishes, ii. 1891, p. 235 et scq. 
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America), and Sagenoclys (Carboniferous of Great Britain and 
Lower Permian of Bohemia) belong to the same family. 

Fam. 2. Uronemidae. — Body fusiform Dentition non- 
ctenodont, consisting of patches of distinct rounded denticles with 
a row of basally-confluent conical denticles along the outer 
margin of each Scales thin. All the median fins are con- 
tinuous. Tail apparently diphycercal. Cranial dermal l)ones as 
in LLjpterus Uronemus ^ (Lower Carboniferous of Scotland), and 
perhaps Concliopoma^ (Lower Permian of Prussia), are the only 
known genera 

The two remaining families possess certain features which cannot 
be affirmed to have existed in their extinct allies. Thus, both agree 
in exhilnting those striking and, so far as Pishes are concerned, 
umque modifications of the air-bladder and vascular system, and the 
olfactory organs,^ whicli are more or less closely associated with 
air-breathing habits and indicate a marked convergence towards 
the Amphibia Side by side with such indications of advancing 
specialisation in certain directions, ample evidence of a remote 
ancestry is to be seen in such primitive features as the presence 
of a spiral valve and a multi- valvular conus arteriosus, and in the 
short and simple alimentary canaL Of other points of agreement 
mention may be made of the absence of jugular plates, the 
presence of vomerine teeth, the continuity of all the median 
fins, and the apparently diphycercal but probably gephyrocercal 
character of the tail 

Fam. 3. Ceratodontidae. — Body elongated and compressed. 
Scales large, thin, non-ganoid, and partially enclosed in dermal 
pouches. Paired fins bisenal. Chondrocranium complete. Der- 
mal bones wholly devoid of ganoin, reduced in number but 
increased in size. Circumorbital bones present. Dental plates 
oval, crescentic or triangular, traversed by several radiating 
enamelled ridges, terminating in smooth or feebly denticulated 
biting margins. Lower jaw with a small toothless dentary on 
each side. The hyoid arch includes a small hyomandibular and a 
hypo-hyal in addition to a cerato-hyal. Branchial arches five in 
number and bisegmented. The gills exhibit little evidence of 

^ Trac[ixair, Journ Itoy. Geol, Soc. Ireland (K.S,), lu. 1873, p. 41 ; Iroc Hoy. 
Soc Edinh svii 1890, p 393. 

2 Kner, SB k. ATcad Wm. Math.-Natunc. Cl Ivii. Pt. ii 1868, p 279 

3 See Chaps. XI XII. and XIV. 
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degeneration. Hyo-branchial cleft open, and associated with a 
pseudobranch. The first four branchial arches carry holobranchs. 
Air-bladder single. Young not provided with cutaneous gills. 
Two genera only are known, the Mesozoic Cercitodus and the still 
living JSfeocevatodus, The former genus includes numerous species, 
for the most part known only by their dental plates, and has a 
remarkably wide distribution in different geological formations. 
Species occur in the Trias of England, Germany, India, South 
Africa (Upper Karoo strata), and also, but more rarely, in certain 
Jurassic deposits in England and in Colorado.^ JVeoceratodi/s 
is represented by a solitary species, iK forsteri^ o04. A), 
which is now restricted to the Burnett and Mary rivers in 
Queensland. A somewhat wider distribution of the species in 
recent times is indicated by the presence of teeth in tlie later 
Tertiary (alluvial) deposits of Darling Downs, near the borders 
of iS'ew South Wales. 

The Ncoceratodus ® of the Burnett frequents the comparatively 
stagnant pools or water-holes which alternate with shallow runs 
and are usually full of water all the year round. In these pools, 
filled with a rich growth of aquatic vegetation, and often the 
favourite haunt of the Platypus (Oi'nithorliynchus), the Eish is 
fairly abundant. Inactive and sluggish in its habits, usually 
lying motionless on the bottom, the Fish is easily captured by 
the natives with hand-nets or baited hooks. JSfeoceratodus lives 
on fresh-water Crustaceans, worms, and molluscs, and to ol)tain 
them it crops the luxuriant vegetation of the w'ater-holes much 
in the same way that a Polychaet or a Holothurian swallows 
sand for the sake of the included nutrient particles. Apparently 
the air-bladder is a functional lung at all times, acting in con- 
junction with the gills. At irregular intervals the Eish rises 
to the surface and j)rotrudes its snout in order to empty its lung 
and take in fresh air. While doing so the animal makes a peculiar 
grunting noise, spouting ” as the local fishermen call it, which 
may be heard at night for some distance, and is probably 
caused by the forcible expulsion of air through the mouth. 
Useful as the lung is as a breathing organ under normal con- 

^ Miall, Palaeont. Soc. 1878 ; Teller, **Ueber Ceratodus sturi,” Ahli. h h, Geol, 
EeicJisanst, Wien. xv. 1891. 

2 Gunther, PUL Trans. 161, 1871, p. 511, 

® Semon, Zool. ForscU Australicn^ i. Jena, 1893, p. 13 et seq. 
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ditions, there can be little doubt that its value as such is much 
greater whenever gill-breathing becomes ditiicult or impossible. 
This seems to be the case during the hot season, when the water 
becomes foul from the presence of decomposing animal or vegetable 
matter. Semon records a striking illustration of this in the 
case of a partially dried-up water-hole, in which the water had 
become so foul that it was full of dead fishes of various kinds. 
Tatal as these conditions were to ordinary Fishes, ITeoceratodus 
not only survived but seemed to be quite healthy and fresh. 
Such observations are of exceptional interest. Not only do they 
afford a clue to the conditions of life which, in the course of 
time, probably led to lung-breathing in Meocemtodus, but they 
also suggest the possibility that a similar environment has been 
conducive to the evolution of air-breathing Vertebrates from gill- 



Fm. 305. — A youug J}/'eocemtodns four weeks after hatching, c, Cloacal aperture ; 
1 1, lateral hue ; m, mouth ; ojj, operculum ; j>/, pectoral fin. (From Semon. ) 


breathing and Fish-like progenitors. In spite of its pulmonary 
respiration, Moceratodus more closely resembles the typical Fishes 
in its habits than any other Dipneusti. It lives all the year 
round in the w’ater. There is no evidence that it ever becomes 
dried up in the mud, or passes into a summer sleep in a cocoon, 
and the well-developed condition of its gills suggest that these 
organs play a more important role in breathing than in either 
Frotoj)teriis or Lepidosiren, The Fish is not known to leave the 
water, and the paired fins, useful no doubt as paddles, are quite 
incapable of supporting the bulky body on terra firma. In fact, 
when Moceratodics is taken out of its natural element it seems 
to be more helpless than most other Fishes, and, in spite of its 
capacity for lung -breathing, soon dies unless kept moist by 
artificial means. - Spawning takes place from April to FTovember, 
principally in September and October. The eggs, invested by 
^ jelly-like coat, secreted by the oviducal walls, are deposited 
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not in a nest, but singlj amongst aquatic vegetation, and, as 
tliey are not adherent, it is xn’obable that they finally rest on 
the mud. The early develox>mental stages exhibit a general 
resemblance to those of Amphibia. There is no larval meta- 
morphosis, and at no period does the young Neoceratodus (Fig 
305) possess cutaneous gills or a cement organ. The tail is 
apparently diphycercal from the first, and the -pelvic limbs do 
not appear until about six weeks after the pectoral members. It 
IS interesting to note that tlie dental pleites are first represented 
by lines or patches of separate denticles (non-ctenodont), which 
subsequently fuse basally (ctenodont) before the adult condition 
IS reached.^ Neocemtodus is stated to grow to a length of 5 to 6 
feet. 

Fam. 4. Lepidosirenidae. — Body elongate, cylindrical and 
more or less Eel-like, with small cycloid scales completely en- 
closed in the skin Paired fins so acutely lobate as to present 
the appearance of tapering cylindrical filaments, equally devoid 
of scales and fin -rays In a general vray the cranial dermal 
bones correspond with those of NeocemtodiLS, but the place of the 
posterior median bone is taken by a large, gable-like fronto- 
parietal bone, situated internal to the head muscles, and in diiect 
relation with the chondrocranium, which is largely aborted in 
the interorbital region Cu-cumorbital bones absent. Opercular 
bones much reduced. Lower jaw without dentary jilates. Palatine 
and splenial dental plates with three non-denticulate, trenchant 
ridges. Hyoid arch consists of cerato-hyaLs only. Hyoidean 
cleft closed. Certain of the anterior branchial arches devoid 
of branchial filaments ; when present the latter are leaf-like and 
free. Air-bladder a double lung. There is a larval meta- 
morphosis, and the young possess cutaneous gills The family 
includes two genera, ProtoiDterus and Lepidosiven In the former 
genus the paired fins are either unisonal or they consist of axial 
mesomeres only ; there are six branchial arches and five clefts , 
and the larval gills are usually retained as vestiges throughout 
hfe. In Lejndodren the paired fins are reduced to the segmented 
axis, without pre- or post-axial radials. There are five branchial 
arches and four clefts, and the cutaneous gills disappear soon 
after the larval metamorphosis. 

Protopterus has a wide distribution over the middle portion of 
1 Semon, op. cii p 115 
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the great African continent, ranging from the river Senegal and the 
White Nile on the north to the Congo basin, Lake Tanganyika, and 
the Zambesi on the south. Three species are known, P. annectcns 
(Fig. 304), P. aethiopicus, and P. clolloi. Protopterus^ is usually 
found in marshes in the vicinity of rivers. V oracious in its habits 
the Fish is mainly carnivorous, subsisting principally on Frogs, 
worms, insects, and crustaceans. It is by no means averse to 
preying upon its own kind, and if several of these Fishes are 
confined in the same aquarium they are apt to give free vent 
to their cannibal instincts by biting off the tails or limbs of their 
fellows. The missing parts are soon regenerated, but the new 
members are usually somewhat abnormal, the tail, for hcistance, 
never regaining its original length, while a new pectoral limb 



Fig. 306. — Map showing the distribution of the surviving Dipneusti. 


may be bifid or even trifid.^ The tail is the principal organ 
of locomotion, and by its means the Fish is capable of remarkably 
quick, agile movements. When slowly moving over the bottom 
of an aquarium the paired limbs are observed to move to and 
fro on opposite sides alternately in a somewhat bipedal fashion. 
The limbs are useless for swimming, although it is possible that 
they may be helpful in creeping over the bottom, or in balancing, 
or as tactile organs. Protopt&rus is said to breathe by its lungs 
as well as by its gills, and to rise to the surface at short intervals 
to take in fresh air. In the dry seasons the marshes in which 
Protopterus lives become dried up, and to meet this adverse 


^ For a list of the more important papers on Protopterus^ see Boulenger, Les 
Poissons du Bassin du Congo, Bruxelles, 1901, pp. 40-42. 

2 Tra<iuair, Rep. Brit. Ass. 1871 (2), p. 143 ; Boulenger, P.Z.S. 1891, p. 147. 
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change in its surroundings the Fish hibernates, or passes into a 
summer sleep, until the next rainj season brings about conditions 
more favourable to active life. Preparatory to this summer slee]), 
and before the ground becomes too hard, the Fish makes its way 


into the mud to a depth of 
itself up in a flask-like en- 
largement (Fig o07) at the 
bottom of the burrow, which 
is lined by a capsule of 
hardened mucus secreted by 
tlie glands of the skin.^ The 
mouth of the flask is closed 
by the capsular wall or lid, 
winch IS perforated by a 
small aperture. The margins 
of this aperture are pushed 
inwards, so as to form a 
tubular funnel for insertion 
between the bps of the Fish. 
While encapsuled in its 
cocoon the Fish is surrounded 
by a soft slimy mucus, no 
doubt for the purpose of 
keeping the skin moist, and 
its lungs are the sole breath- 
ing organs, the air passing 
from the open mouth of the 
burrow through the hole in 


about 18 inches, and there coils 

772 ^ 



the lid directly to the mouth 307.— Diagram of a torpid Pwiojateriis, m 

rnv 4 • c, Cocoon ; e, earth , /, funnel leading 

Ine nutri- to the mouth of the JFisli , lid , w, mouth ; 


7/1.6, mouth of the biinow , tail. 
Newton Paxkei ) 


(From 


of the animal, 
tion of the dormant Fish is 
effected by the absorption of 
the fat stored up about the kidneys and gonads, somewhat after 
a fashion not unknown in the fat-bodies of Insects and the hiber- 
nating glands of Eodents, Even portions of the caudal muscles 
undergo fatty degeneration, and thus, in a way which recalls the 
mode of nutrition of the Salmon during the breeding season, and of 
the Tadpole during its metamorphosis, a further store of nutritive 
material becomes available for the sustenance of the Fish during 

1 Newton Parker, Trails Roxy, Irish Acad, xxx 1892, p. 201. 
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its long summer nap. It is highly pi'obable that the exccptitnially 
numerous leucocytes act as carriers in the work of transporting 
the fatty particles to the different organs and tissues of the bo(l}\ 
The length of the summer sleep naturally varies with the duration 
of the dry season, and probably it lasts on an average nearly half 
the year (August to December). The cocoons, iin])edded in mi 
outward casing of hardened mud, have often been brought to Europ(‘, 
and when placed in water of suitable temperature the long torpid 
Frotopterus escapes from its prison in a perfectly healthy con- 
<lition, and resumes its partly branchial and partly j^^hnoiuiry 
mode of breathing. The negroes of the "West Coast of Africa are 
very partial to these Fishes, which they dig out of the dried 
marshes and preserve in their clumps of mud for ibod. "Witli 
the advent of the rainy season, when the marshes become hooded, 
the Frotopterus emerges from its cocoon, and returning to its 
former active life, soon enters upon the task of reproducing its 
kind. The important observations of Budgett^ have thrown 
much light on the curious breeding habits and development of 
these Fishes. The Fish makes a nest near the edge of a swamp. 
The nest is simply a hole of irregular shape, about a foot 
in depth, filled with water and surrounded by long grass (Fig. 
308). There is no lining to the nest, and the eggs are deposited 
on the bare mud. Until the eggs are hatched, which occurs 
about the eighth day, and while the larvae are in the nest, the 
male remains on guard, and is apt to bite severely an incautious 
intruder. Probably with the view of aerating the eggs the 
water is continually lashed about by the tail of the guardian 
parent. The male has no trace of the peculiar vascular filaments 
which adorn the pelvic limbs of the male Zepidosiren during the 
breeding season. The early developmental stages are similar in 
their main outlines to those of NeoccTatodus^ but the young are 
very different. When the young Frotoptenis (Fig. 3 0 9 ) is hatched 
it is provided with a crescentic glandular sucker or cement-organ, 
situated on the under side of the head behind the mouth, by 
means of which the larva attaches itself to the sides of the nest, 
or of the vessel in which it is confined, much in the same way as 
the young Zepidosteus, and probably for the same reason. It 
may be remarked that the sucker agrees in structure, position, 
and function with that found in Amphibian tadpoles, but it 
^ Trans, Zool. Soc, xvi. Pt. ii. 1901, p. 119. 
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diffeis Lotli in position and structme from its preond tinalogue in 
the young of Aci^ensei , Amm^ and Le'p^dosteus A month-old 
lai\a has much the aspect of a laical Newt. It has foui pans of 
\abculai plumose cutaneous gills (Fig dOO), winch aie retained as 
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Fig 309 — Larval Protopteius on the seventeenth day c, Cement oigan , c(j^ cutane 
ous gills, opi operculum, pl^ pectoial limb, pol, pelvic limb, y s, 3 oik -sac 
(From Budgett ) * 

that the dark chromatophores of the skin of the larva expand in 
the day-time and the young Fish becomes darker in colour, and 
therefore less conspicuous when seen against a background of 
black raud or soil. At night the contraction of the colour-sacs 
renders the larva more transparent and piobably less easily 
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visible tban if opac^ue The commencement of pulnion uj icspn i 
tion IS coincident with the degeneiation ot the cAtcineoiib gills, 
which takes place about seven weeks aftei the deposition ol 
the eggs, and about a month aftei the laivae leave the ne&t 
Pi otojpte^ us is said to attain a length of six feet 

Lepidosiren paradoxa^ probably the only species oi the 
genus, IS confined to South Ameiica It occuis along the 
couise of the mam Amazon iiver, enteiing some of its laigei 
affiuents, such as the Ucayale, the Madeiia, the Eio Negio, and 
the Tapajoz and also in the Chaco Boieal to the west oi the 
Upper Paraguay iiver The home oi the Lepidosiien (oi 
' Lolach,’’ as the natives caE the Fish) of the Chaco couiitiy is 
to be found m the wide-spieading maishes and swamps, which 
for a gieat part of the yeai aie almost choked by a luxuiiaut 
giowth of then own peculiar vegetation and covered by a iloat- 
mg carpet of surface weeds, with heie and there deeper and 
clearer water and slow flowing streams In the diy season the 
water gradually shrinks and the swamps eventually become dried 
up Of sluggish habits, the Fish -wiiegles slowly about it the 
bottom of the swamp like an Eel, using its hind limbs in an 
irregular bipedal fashion as it wends its way through the dense 
network of subaqueous plants Lepidosio en is not exclusivcl} 
carnivorous The large fresh- water snail, Ampiidlm icc, whicli li\es 
in the swamps in enormous numbers, seems to be its fa\ouiite 
food 5 but masses of confervoid Algae are also eaten, and m its 
earlier stages it is probable that the Fish is more heibivoious 
than carnivorous The tlacaie (Gcuituuu scle'iops') feeds on Tjipi'- 
dos%^ en, and this fact, and probably also the cannibal habits oi 
the Fish itself, may explain the capture of specimens with muti- 
lated tails and regenerated, branched, pectoral limbs Like other 
living Dipneusti, Lepidosioeu rises to the surface to breathe The 
intervals are, however, very variable, and no doubt depend on the 
relative purity oi impurity of the water Both expiration and 
inspiration are said to take place through the mouth The snout 
IS protruded on the surface, and the creature expires After 
being withdrawn for a moment the head is again projected, and 
inspiration takes place through the partially open lips When 

Bohls Gott Ndchixchtm^ 1894, p 84 , Lankester ZooJ Sol \i\ Pt i 

1896 p 11 Goeldi Pt 1898 p 413, Giaham Ken Fhd Trans (B) 
192 1900, p 299 ^ 
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the Fish finally sinks a few bubbles of surplus air escape through 
the gill-clefts. A nocturnal and protective change of colour, 
similar to that described in Protoj^tcrm, has been observed, and 
although most strikingly manifest in the larvae, it also occurs in 
individuals of older growth. The fiesh is much esteemed as food 
by tlie Indians, who wade into the swamps and transfix the 
Fishes with spears. During the rainy season the Le;p%dosiren eats 
voraciously, and a reserve of fat is stored up in the tissues. Like 
its African relative, the Fish ceases to feed on the approach of 
the dry season, and eventually hibernates at the dilated ex- 
tremity of a deep tubular Imrrow, the entrance to which is 
plugged by a small lump of clay perforated by several round 
holes. On the rising of the water at the next rainy season the 
Lepidosiren pushes out the i^lug and soon emerges from its 
l)urrow.^ The breeding season begins soon after the escape of 
the Fish. The eggs are deposited in nests in the form of 
underground burrows excavated in the black peaty soil at the 
bottom of the swamp, with an entrance about 4-5 inches wide. 
At a depth of about a foot the burrow takes a horizontal 
course, its total length varying from 2-5 feet After the eggs 
are laid the male remains to guard them. During the breeding 




season the pelvic limbs of the male — 

enlarge and become covered by a 

rich growth of highly vascular, ’'a mm/IV')} 

blood-red filaments 2-3 inches in \ 

length^ (Fig. 310). The use of 

these curious structures is uneer- 

tain, but it is not improbable that 

they act as accessory gills to enable 

the male to guard the eggs in the sio.— Peivio hmb of the male 

nest without being forced to resort Lepidosirm <lunng the hreedu^ 

to the surface to breathe air. ihe 

development is essentially similar to that of Protoperus. The 
larva (Fig. 311) has four pairs of cutaneous gills in relation 
with the first, second, thud, and fourth branchial arches, 
inclusive, the first three pairs being the homologues of the 
cutaneous gills of the tailed Amphibia ; and also a cement-organ 


1 Hunt, S' 1898, p 41 

2 Lankester, Nature^ 49, 1894, p 565 
Graham Ken', op. cit. p, 306. 


id. Trans. Zool. Soc. xiv. Ft i. 1896 , 
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which disappears shortly before the' larval metamorphosis. At 
that period the circulation in the cutaneous gills becomes 
sluggish, and very soon these organs completely atrophy. About 
the same time the hyo-branchial cleft closes up, as in Proto- 
pterus. The young Zepidosiren soon begins to breathe air and 
to become more active and lively in its habits.^ The adult may 
attain a length of four feet. 

The relations of the different genera of Dipiieusti to one 
another has been discussed by DoUo in a remarkably suggestive 
paper Until the publication of this treatise it was generally 
believed that the modern Dipneusti, Neoceratodus, Protopterus, 
and Zepidosiren, especially the first mentioned, were the most 



Fig. 311. — Larval Zepidosiren thirty days after hatching, c, Cement organ ; c.g, cutaneous 
gills ; p.li pectoral limb ; pod, pelvic limb. (From Graham Kerr. ) 


primitive and the more nearly related to the ancestral stock, 
while the older types, such as Pipterus, were regarded in the 
light of highly specialised offshoots. The continuity of the 
median fins, the apparently diphycercal character of the tail, and 
the wholly cartilaginous condition of the chondrocranium in the 
modern Dipneusti, were contrasted with the divided median fins, 
the heterocercal tail, and the more extensively ossified chondro- 
cranium of the Palaeozoic forms, and the belief seemed inevitable. 
Dollo has shown, however, that there is good reason for the 
view that the evolution of the group has taken place in exactly 
the opposite direction ; that, in fact, the older Dipneusti are the 
more archaic, and -that their modern representatives have been 
derived from them by a sequence of retrogressive changes ; or, in 
other words, the latter have much the same relation to the 
former as the degenerate Sturgeons and Paddle-Pishes to their 
Palaeozoic ancestors, the Palaeoniscidae. Taking DipUvuSy the 

^ For further information about the development of Lepklosircn^ see Graliain 
Kerr’s valuable paper, op, c%t. 

^ Hollo, Sii>r la Phylog4nie des DipneiisteSj Bruxelles, 1895. 
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most ancient of all the known Dipneusti, as a starting-point, it 
IS possible to select a series of genera which illustrate the evolu- 
tion of the group both in structure and in palaeontological 
sequence^ The senes is as follows — Di 2 )teTifs, Scaumenana, 
Phcuierojtleuron, Uroneinus, Gemtodus {Neoceratodn^, Protojptervs 
and Lejndosiyen. Briefly, the more important structuial modi- 
fications observable in the transition from the older to the recent 
genera are (a) the gradual union of isolated median fins to 
form a continuous fin ^ ; (1) the substitution of a gephyrocercal 
tail for a heterocercal ^ , (c) the degeneration of the squamation, 
the thick ganoid scales of the earlier types being replaced by 
thin, non-ganoid scales, {d) a reduction in the number of 
cranial dermal bones and the loss of their original ganoid invest- 
ment , (e) the suppression of the jugular plates ; and (/) a 
reduction m the size of the opercular bones. In the last two 
genera of the series, in which specialisation in some respects and 
degeneration in others have reached their maximum, the body 
no longer retains the fusiform and more typically Fish-like shape 
of the older genera, but, in accordance with Eel-like habits and 
mode of progression, has become more or less Eel-like in form.^ 
The paired fins are almost vestigial, while the scales, so deeply 
insunken in the skin as to be externally invisible, suggest that 
the modern Dipneusti are approximating to a final scaleless 
as well as to an ultimately limbless condition. As to the origin 
of the Dipneusti as a group, it seems reasonable to look for 
their ancestors in the early Devonian Crossop terygii with 
acutely lobate fins, or, with greater probability, to some still more 
primitive Crossopterygian with simple, non - rhizodont teeth, 
capable by fusion of giving rise to massive tntoral plates, and 
involving as a consequence the substitution of an autostylic for 
an originally hyostyhc skull, and the suppression of the secondary 
upper jaw. In fact, when our knowledge of the development of 
the surviving Dipneusti and Crossopterygii is more complete, it 
IS not improbable that the inclusion of the two series of Fishes in 
subordinate divisions of the Teleostomi will prove to be amply 
justified. The relations of the Dipneusti to the Amphibia are 

^ For critical remarks, see Traquair, Ass, Ileports, 1900, p 776 et seg^ 

2 Compare Figs 301 and 304. 

® It IS worthy of note that Protopter'us dollo% approaches Le^idonrm in the more 
Eel-like shape of its body, and in the large number of pairs of nbs (54) which it 
possesses (Boulenger, op. at, p 37) 
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somewhat deceptive, and it seems improbable that the former 
group stands in the direct line of Amphibian descent. In most 
of their structural features not directly or remotely associated 
with air-breathing the Dipneusti are true Tishes, and the 
striking resemblances which they present to the Amphibians in 
the vascular system and lungs seem to be rather the outcome of 
physiological convergence, associated with adaptive and parallel 
modifications in structure, and due to the influence of a similar 
environment, than indicative of direct ancestral relations. With 
more reason it may be inferred that both the Dipneusti and the 
Amphibia have been derived from some primitive Crossopterygian 
ancestor with Elasmobranch tendencies, and subsequently became 
modified in certain respects on parallel lines. 



CHAPTER XX 


APPENDIX TO THE FISHES PALAEObPONDYLIDAE — OSTRACODBllMI 
— IIETEKOSTRACI — OSTEOSTIIACI — ANASPIDA — ANTIAECHI — 
ARTHllODIRA. 

In this chapter it is proposed to treat of certain fossil “ Pishes ” 
which, from our ignorance of much that is essential to a 
proper estimate of their true relationships, cannot at present 
he referred to any of the recognised primary groups of Fishes 

I Palaeospondylidae. 

The interesting little fossil, Pcdaeospondylus gunm^ discovered 
in the Lower Old Bed Sandstone of Caithness, and fiist described 
by Traijuair, represents the calcified endoskeleton of an elongated 
fish-hke organism about an inch, or not exeeedmg two inches, 
in length. The vertebral column consists of a series of broad, 
calcified ring-like centra, destitute of ribs, but possessing neural 
arches and spines, and in the caudal region haemal arches and 
spines in addition. The skull, of which only the ventral surface 
is known, has a complete basis cranii, laterally expanded behind 
by periotic capsules, and in front by what seem to be bulging 
olfactory capsules Anteriorly, the skull terminates in a ring of 
calcified cirri. Behind the skull there are two singular post-oceipital 
plates, one on each side of the anterior section of the vertebral 
column. The tail was apparently furnished with a fringing 
caudal fin, supported dorsally by the long forked, neural spines, 
and below by the much shorter haemal spines. There is no trace 

^ Tiaquair, Ann, Nat, Eist (6) vL 1890, p 485 , Proc Roy, Phys. Soc Mini), 
xii 1893, p 87, ibul, p. 312; P,Z S 1897, p 314; Bashford Dean, Trans, New 
Tori Acad, Sci xv. 1896, p. 101 ; Mem. New Torh Acad, Sd, ii 1900, p. 1 
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Fig. 312. — Restoration of 

S2)nndylics, The figure vshows 
the ventral surface of the skull 
and a lateral view of tlie ver- 
tebral column, c, Calcified 
cirri ; auditory capsule ; 
t.p, nasal capsule (^) ; post- 
occipital plate. (From Parker 
and Has well, after Traquair.) 


of limbs, limb-girdles, jaws, or brauchial 
arches, nor any evidence of the existence 
of scales, denticles, or other exoskeletal 
stnictnres. 

'Fcdaeospondylus has been regarded 
as a Gyclostome, a view which derives 
its principal support from the resem- 
blance of the cirri-encireled orifice al 
the anterior end of the skull to an 
unpaired nasal or naso-pituitary aper- 
tiu*e, and perhaps some measure of 
credence from such purely negative 
evidence as the apparent want of limbs, 
and of any structures comparable to 
jaws. But even if it be admitted that 
there is some reason for this view, it 
is certain that Palaeos'pondylus obtained 
a far higher grade of specialisation in 
certain respects than any of the exist- 
ing Cyclostomata ; the presence of calci- 
fied vertebral centra and neimal arches 
is conclusive on this poiiit.^ Falaeo- 
spondijlus has also been compared with 
a larval Arthrodiran and with a larval 
Dipnoid." 

II. Ostracodermi. 

The Palaeozoic fish-like forms, which, 
more as a matter of convenience than 
as an expression of real kinship, it 
has been customary to include in this 
group, are amongst the earliest Crania tes 
of which we have any precise knowledge. 

^ lu a recently ])ublislied and important con- 
tribution to our knowledge oi X*cdaeos)}ondiilu$, by 
Professor and Miss Sollas {Phil. Trans. 196, 1903, 
p. 843), they describe structures on the ventral 


surface of the head, which they maintain to he branchial arches, as well as others 
which, in their view, may represent hyomandibular and mandibular elements. 


Graham Kerr, Proc. Camh. Phil. Soe. x. 1900, p. 298. 
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Of the three subordinate groups or “ Ordeis ” into which thej" ha\e 
usually been divided Intherto, two, the Heteiostiaci and the Osteo- 
straci, may, with some show of leason, be consideied as 1 elated 
forms, and although they aie characterised by much specialisation 
on independent lines, there is yet some evidence of connecting links 
between the two The organisms compiising the third group, 
the Antiarchi, stand upon a \eiy diffeient footing, and at piesent 
it cannot be said that they are in any way related to either 
the Heteiostiaci or the Osteostiaci, or indeed to any other 
Cianiates whatsoever The association of the Ostracodermi with 
the Oyclostomata, a view which has received more influential 
support than it deserves, is based on the presumed absence of 
jaws and paired fins The absence of javs, which, if present, 
were almost certainly cartilaginous, has yet to be proved, and 
even in the latter group it is by no means certain that they do 
not possess stiuctuies which, morphologically if not functionally, 
aie veritable jaws. Noi is it quite certain that the lateral 
lobes of some Ostracodermi are neither pectoral flaps nor lateial 
fin -folds, to say nothing of the lateral appendages of the 
Autiaichi. And to these objections there is the fiuther difficulty 
that dieie is absolutely no evidence that the Ostracodermi are 
inonoihinal in the sense in which this term is applied to the 
Oyclostomata^ On these giounds it would seem more in 
accordance with oui piesent knowledge to regard the Ostra- 
codermi as an independent group whose exact position in the 
system has yet to be determined, including, however, besides the 
generally accepted orders Heterostraei and Osteostiaci, the recently 
founded pnwisional order Anaspida, but excluding the Antiarchi 
as a separate and distinct section , rather than to crystallise 111 
a definite system of classification views whicli are either purely 
conjectural or wholly unjustifiable Even with this limitation 
the Ostracodermi are by no means easy to define, especially if 
we include those remarkable shark-like forms from the Upper 
Silurian rocks of the south of Scotland which have been so 
admirably described in the recent classical memoirs of Dr. 
Traquair As a rule, the head and the anterior part of the 
body are laterally expanded, and more or less sharply defined 
fiom the rest of the body by prominent postero-lateral angles. 
The exoskeleton, which exhibits an extraordinary variety of 
^ Lankebtei, Xat SVi xi. 1897, p 15 
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structure in the different families, ranges fiom a uniform covei- 
ing of dermal denticles to a condition in which the denticles 
fuse to form anteriorly a highly characteiistic tessellated or 
continuous dorsal shield, while posteriorly they become replaced 
by a nearly typical ihombic squamatioii. The tail is heteio- 
cercal. Paired fins of the ordinary piscine type are absent. In 
some Ostracodermi it seems probable that the gill-clefts opened 
into a common branchial chamber on each side, with a single 
external apeiture, but in others they may have been ventral. 
The endoskeleton, jaws, dentition, and the nostrils are unknown. 


Order I. Heterostraci. 

The exoskeletal structures consist of dentine, or of a tissue 
resembling it, never of true bone. The orbits are marginal or 

lateral in position. With the ex- 
ception of a caudal fin there aie 
no median fins. 

Fam. 1. Ooelolepidae,^ — Head 
and anterior portion of the body 
flattened and expanded, with promi- 
nent lappet - like postero - latcial 
lobes, which may lepresent continu- 
ous lateral fin - folds or a veiy 
primitive type of pectoral fin. 
Hothing is known of the mouth, 
but it must have been ventral, nor 
of the position of the 01 bits. 
Branchial apertures unknown, l)ut 
tiansverse markmgs on each side 
of the anterior pait of llielodus 
pagei may be indications of a bran- 
chial apparatus. The exoskeleton 
fa ^ uniform coYeriug of 

which It occurs as a fossil, the heari hoUow pointed spines, devoicl of a 
being flattened au(I the tail twisted i i /t 

lound so as to appear in profile. On plate and Open below (Xft/i- 

each bide a much enlarged dermal arkia ) ; or of minute shagreen-like 
aenuole.sshown. (FromTraq.au.) tubercleS The tubei’CleS 

or spines consist of dentine coated by ganoin. Of the only two 
known genera, Thelodus is a characteristic Upper Silurian genus 
^ Traquair, Trans, Roy, Soc, Edinl, xxxix, 1899, pp. 595 and 828. 
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from the Ludlow and Downtonian Beds of Lanarkshire. De- 
tached scales are also known in the Upper Silurian of England 
One species {Th. imgci) occurs m the Lower Old Bed Sandstone 
of Forfarshire, and another {Th Udensis) in the Upper Devonian 
of Eussia. Lanarkia has only been found in the Downtonian 


Beds, None of the Coelo- 
lepidae exceed fourteen to 
fifteen inches in length. 

Fam. 2. Drepanaspidae. 
— This family ^ affords an in- 
teresting transition to the 
more highly specialised and 
carapaced Pteraspidae. The 
head and anterior part of the 
trunk now form a broad ob- 
long shield, rounded in front 
and abruptly marked off* from 
the tail by conspicuous rounded 
angles. The exoskeleton is no 
longer uniform. In the caudal 
region the scattered spines or 
shagreen tubercles of the 
Coelolepids have become trans- 
formed into tuberculated quad- 
rangular scales, which are 
further differentiated along 
the dorsal and ventral margins 
into ridge scales or fulcra , 
and from a similar source by a 
process of basal fusion a series 
of larger or smaller dermal 
plates are formed as com- 
ponents of large dorsal or 



Fig 314. — Restored outline of the dorsal sur- 
face of Drepamspis gemiindenen&is The 
tail appeals in profile m d. Median doisal 
plate , p If postero-lateral plate , ?, rostral 
plates. (From Traquaii.) 


ventral shields. The dorsal 


shield (Fig. 314) is formed by a large central plate; the 
postero-lateral portions by two narrow falciform plates ; and 
the anterior margin by a series of smaller rostral plates. 
Between the larger plates the shield is completed by numerous 


^ Id. Trans. Eoy. Soc. Bd%nh. xxxix. 1899, p 844 , Geol Mag vii. 1900, p 153 ; 
IX, 1902, p 289 , Trans. Boy Soc. Edmh. xl. Pt iv. 1903, p, 723. 
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small polygonal plates. All the plates are superficially orna- 
mented hy small stellate tubercles. The ventral armature (Pig. 
315) is similar to the dorsal. A large mental plate forms the 
hinder margin of the transverse slit-like mouth, the anterior 
limit of which is defined by the rostral plates already mentioned. 
Laterally may be seen a pair of small plates (a*), each perforated 

by a small aperture, and prob- 
ably indicating the position 
of some kind of sense-organ. 
Posteriorly there is a largo 
median ventral plate, in rela- 
tion with a pair of anterior 
and a pair of posterior ven- 
tral plates. The areas between 
the larger plates are filled in 
by numerous small polygonal 
plates. It IS possible that 
there is a single external 
branchial aperture on each 
side, near the postero-lateral 
angle of the shield and be- 
hind the posterior ventro- 
lateral plate. The sole repre- 
sentative of the family is 
I)re;pa 7i asp is ye yyi u yi de yie yi s is, 
from the Lower Devonian of 
Gemunden in Phenish Prussia. 
Large examples of this fossil 
must have exceeded two feet 
in length. 

Fam. 3. Fsammosteidae. 

— To this family are referred 

Fig. 315. — Ventr.il surface of Drejpnnaspis certain dermal plates OCCUr- 
(tail iu profile). a.v.l, Anterior veiitio- . . ^ i n 

lateral plates ; e.l, external lateral ; m, ^ more Or iess Irag- 

mental plate; m.v, mui-ventrai ; p z, pos- nientarv Condition, ill the Old 

tero-lateral ; p.'o.l, postenor ventro-lateral J t i i 

r, rostral , j', orbit or sensory plate. The Pcd Sandstone and Devonian 

mouth and the supposed eloaeal aperture are formations of Great Britain 
indicated m black. (From Traqnair.) 

and Eussia. In their size 
and shape, and in their stellate tubercles, these have been com- 
pared to the dorsal, 'postero-lateral, and ventral plates of 
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Drrpanuspis That Psaonmosteus is closely allied to Prepanasins 
seems certain, but for the present the two genera may be retained 
in separate families 

Pam. 4. Pteraspidae.^ — Until the recent iiielnsion of the 
three preceding families, the Pteraspidae were the only repre- 
sentatives of the Heterostraci. In the best known genus, 
J^teruHjns, there is a marked reduction in the number of the 
component plates of the carapace, and only seven can now be 
distinguished (Fig. 31G) (a) a large posterior dorsal plate, 

supporting behind a stout spine , (h) a conical rostral plate, 
covering the preorbital part of the head , (c) a pair of small 
marginal orbital plates, each with a small aperture, probably 
for the eye , (d) a pair of posterior lateral or cornual plates, each of 
which IS perforated by a large obli(|ue foramen, conjecturally an 



Pk} 31b — Restored onthue of Pteut 82 ns lostmfa, seen from the side The scales on 
the hinder part of the tail are omitted (tiom Parker and Haswell, after Smith 
Woodwaid.) 

external branchial aperture ; and {e) a large ventral plate There 
IS prol)ably, also, a small median parietal,” or “ pineal,” plate, 
with a pit on its inner surface, situated between the rostral and 
posterior dorsal plates. Externally the plates are sculptured into 
fine ridges, which in their minute structure and their crenated 
free margins are suggestive of linear series of fused denticles. 
The tail appears to have been invested by imbricated rhombic 
scales. Pteraspis (Lower Old Red Sandstone of Scotland and 
England, and the Lowei Devonian of Galicia) , Cyathaspis (Upper 
Silurian and Lower Old Red Sandstone), known only by its dorsal 
and ventral shields ; and HoJaspis (Lower Old Red Sandstone 
of Monmouthshire, and the Upper Silurian of Pennsylvania), are 
the only genera. 


Order II. Osteostraci 

While agreeing with the more speciahsed Heterostraci in the 
division of the body into an anterior carapaced portion and a free 

^ Lankester, Monogr, Fala^ont, Soo, 1868, 1870 , Geol. Mag x, 1873, p. 241 ; 
Smith "Woodward, BriU Mus, Gat, Foss, Ftshes^ 11 1891, p 159. 
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hinder part invested by a rhombic sqiiamation, the Osteostraci are 
distinguished by the presence of bone as a histological component of 
the dermal hard parts ; by the position of the orbits, which, instead 
of being marginal in position, are close together on the dorsal aspect 
of the carapace ; and by the possession of a median dorsal fin. 

Fam. 1. Ateleaspidaed — The general shape of the body is 
much the same as in the Coelolepidae, but the exoskeleton con- 



Fig. 317. — Outline sketcii of Ateleasjpis 
tessellata. The crescentic markings 
indicate the position of the supposed 
orbits. (From Traquair.) 

318). The shield consists of a si: 


sists of numerous polygonal 
tubej'culated plates in front of 
the postero-lateral lobes, and of 
sculptured rhombic scales be- 
hind. A pair of crescentic mark- 
ings, placed close together about 
the middle of the dorsal surface 
of the head, probably indicate 
the outer margins of oibital 
recesses (Fig. 317). The only 
species at present known (Aif/r- 
asp is tessellata) occurs in the 
Downtonian beds. 

Fam. 2. Cephalaspidae.^ — 
In this family the dorsal shield 
is rounded in front, strongly 
arched above, with its postero- 
lateral angles produced into 
highly characteristic cornua (Fig. 
igle piece, but as the outer surface 



dp. 

Fig. 318. — Cephalaspis mtrchismi. Upper Silurian and Lower Old lied Sandstone 
op, Operculum (?). (From Smith Woodward.) 

is ornamented by small tubercles arranged in polygonal areas, 
it is probable that it has been formed by the basal fusion of 

^ Traquair, Trans. Boy. Soc. Minh. xxxix. 1899, p. 834. 

2 Lankester, Monogr. Palaeont Soc. 1868 and 1870 ; Smith Woodward, Brit. M%is. 
Oat. Foss. Fishes, ii, 1891, p. 176. 
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numerous primitively distinct polygonal plates (Pig. 319, A) 
Between the orbits there is a separately calcified but fixed plate, 
which bears a hollow prominence, probably for the reception 
of a parietal organ. In some genera certain of the anterior 
dorsal and ventral scales of the trunk fuse into a continuous 
plate. Internally to the X->ostero-lateral cornua the middle layer 
of the shield is prolonged backwards into a pair of singular flap- 
like lobes, which have been variously interpreted as corresponding 
to the lateral lobes of the Coelolepidae, to XJeetoral fins, or to 




Fig 319. — The dor&al shield of Ceplialas^is lydU (A), and an onthne sketch of the 
dorsal shield oi Euleiaspis pustulxfera (B) c, Postero-lateral cornu, posterior 
angle ; interorbital prominence , 0 , orbit , op, orbital prominence , postenor 
spine , p.'o, postorbital vallej . (From Lankester. ) 

opercula. The scales of the trunk and tail are rhombic- and 
imbricated ; on the sides of the body they are remarkably high 
and narrow. 

The best known genus is Cejphalaspis. The earliest remains 
are found in the Ludlow Tilestones. The genus is also repre- 
sented in the Ledbury Passage Beds, the Lower Old Bed Sandstone 
of Scotland, and the Upper and Lower Devonian of Canada. 
Most of the species are of small size, but G, magmfioa} from the 
Caithness Flagstones, the largest of all the Cephalaspids,has a shield 
inches long, and 12 inches across the widest part. Auohen- 
asjpU occurs in the Ludlow Tilestones and the Ledbury Passage 
Beds, and also in the Upper Silurian of the Isle of Oesel in the 

^ Traijuair, Proc, Hoy. Phys. Sog, Edinh xui. 1894, p. 269 
TOL. VII 2 M 
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Baltic. Another genus, JDlclymasjpis, has been found in the 
Lower Old Eed Sandstone of Ledbury. 

Fam. 3. Tremataspidae. — The interorbital plate is free, and 
hence it is often lost in the fossils. Seveial species of Tremataspis 
occur in the Upper Silurian of the Isle of Oesel. 

As regards the origin and mutual relationships of the different 
families comprising the Heterostraci, it has been urged with 
great force by Dr. Traquair^ that they constitute a natural 
sequence of forms, beginning with organisms whose Elasmobranch 
ancestry is extremely probable, and leading to highly-specialised 
types, which, considered by themselves, possess little to justify 
any conclusions whatever as to their origin or kinship. The 
Coelolepidae form the starting-point, and in the light of their 
exoskeleton of dermal denticles, their derivation from some 
primitive Elasmobranch prototype seems a reasonable inference.*”^ 
From the Coelolepids the path of specialisation through the 
Drepanaspidae and Psammosteidae to the Pteraspidae is marked 
(i.) by the basal concrescence of isolated denticles to form, first, 
numerous small polygonal plates, and then larger and less 
numerous plates, as the constituent elements of a characteristic 
dorsal shield, leaving, however, the denticles of the rest of the 
body to become converted into a rhombic squamation ; (ii.) by 
modifications in the lateral fin-lobes,’' which may become enclosed 
in the developing dermal armour {e.g. Brepanaspis), or cease to 
be recognisable {e.g. Pteraspis). The affinities of the Osteostraci 
are very obscure, and their inclusion with the Heterostraci in the 
same group (Ostracodermi) has hitherto rested mainly on such 
negative evidence as the supposed absence of paired limbs, jaws, 
and teeth ; in fact, it has been affirmed that “ there is absolutely 
no reason for regarding Geplialaspis as allied to Pteraspis beyond 
that the two genera occur in the same rocks.” ^ It is possible, 
however, that in Ateleaspis we have an annectent form, which in 
some measure combines the structural peculiarities of the two 
groups. That this singular genus belongs to the Osteostraci is 
proved by the presence of bone lacunae in its dermal hard parts, 
a conclusion which is strengthened by the apparently dorsal 
position of the orbits and the presence of a dorsal fin. On the 

^ Trans. Hoy. Soc. Edinh. xxxix. p. 843 et seq. ; Eep. Brit. Ass. 1900, p. 768. 

2 See critical remarks ky Smith Woodward, Geol. Mag. vii. 1900, p. 66. 

® Lankester, Mat. Set. xi. 1897, p. 46. 
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other hand, its close resemblance to the Coelolepids in the general 
contour of its laterally-lobed body, and the probability that its 
mosaic and tuberculated head- shield has been formed by the 
concrescence of Coelolepid denticles, is at least significant of a 
relationship to the more primitive Heterostraci. Little can be 
conjectured as to the habits of these ancient “ Fishes/’ The form 
and regional proportions of the body, which in some respects 
often remind one of organisms so diverse as a King Crab, or a 
Loricaroid Teleost (such as Liposarcus), are strongly suggestive 
of a grovelling, bottom-feeding, sluggish habit of life, in sharp 
contrast to the more active and predaceous Fishes whose appear- 
ance is comcident with the extinction of the Ostracodermi at 
the close of the Devonian period. Habits such as these may 
well be associated with much structural degeneration, even, it 
may be, with the loss of paired fins, and hence it is not altogether 
improbable that the Ostracodermi are outcasts from the Elasmo- 
branchs, a degenerate race which has sought safety in a sequestered 
life and a coat of mail. 

Order III. Anaspida. 

This group has been instituted by Traquair ^ for the pro- 
visional reception of two remarkable genera, which, owing to the 
absence of precise knowledge of the histology of their exo- 
skeletal structures, cannot at present be referred either to the 
Heterostraci or the Osteostraci, and for which, as their discoverer 
remarks, no place can be found in the system unless they are 
admitted to the Ostracodermi. 

Fam. 1. Birkeniidae. — Body fusiform and fish-like. Head 
bluntly rounded, without a cranial shield. Caudal fin bilobate 
and heterocercal. A median row of scales with recurved spines 
arranged along the ventral surface. Orbits, jaws, teeth paired 
fins, and endoskeleton unknown. 

In Birkenia (Fig. 320) the body is invested by longitudinal 
rows of narrow scales arranged in oblique transverse rows, which 
are replaced on the head by much smaller, peculiarly disposed, 
spindle-shaped scutes. On the side of the hinder part of the head 
there is an oblique row of small apertures, possibly branchial A 
small remote dorsal fin, invested by the trunk scales, is present. 

1 Trac[uaii, op. cd. p. 837. 
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Birhenid elegans, the only species known, does not exceed S-g- inches 
in length. Less is known about the second genus, Lasaoilus, of 
which there are two species. Except for the mid-ventral series 
of spiny scutes, and a row of slender, parallel, rod-like structures 



Fig. 320. — Restored outline of Birkenia, degans Traq., one half laigei than natuial size. 
6.a, Branchial aperture ; dorsal fin. (From Traquair. ) 

the body appears to have been naked (Fig. 321). The two genera 
belong to the remarkable series of fossil Fishes from the Silurian 
rocks of Lanarkshire. Eare in the Ludlow series, Birkenia is by 
far the most common of the Fishes of the over-lying Downtonian 



Fig. 321. — Restored outline ot Lubanncs pioUmaticuhi enlarged, r, rost-cephalie lods ; 
row of small spine -like scutes; v.s, mid -ventral spine -like scales. (From 
Traquair.) 

Beds. Lasanius is confined to the latter horizon. Euphanerops, 
from the Upper Devonian of Canada, is probably related to .this 
family, but lateral branchial apertures are not known.^ 

IIL Antiarchi. 

The organisms comprising this group ^ resemble the Ostra- 
codermi in possessing a well-developed carapace of bony plates 
and a heterocercal tail, as well as in many of the purely 
negative features which are characteristic of the latter group. 
The remarkable dorsal shield is divided into a small cephalic 

^ Smitli Woodward, Ann. Nat. H%st. (7), v. 1900, p. 416. 

® Traquair, Monogr. Talaeont. Soc. 1894. 
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poition and a much larger hinder pait investing the greatei part 
of the tiunk both of which are strongly aiched above and 
flattened ^entially, with a movable articulation between the two 
The cephalic shield is foimed by numerous symmetrically-dis- 
posed tubeiculated plates, sutuially connected with one another, 
and, like the other exoskeletal struetuies, containing bone 




Tig 822 — Restored outline of Pteiichfhys miUeo i The upper figure represents a dorsal 
view, and the lower a lateral view The dotted lines indicate the course of the 
lateral line system adl^ Antero dorso lateral , ag, angular , avi d, anterior 
median doisal , avZ, anterior ventrolateral, el extra lateral or operculum, 2, 
lateral , I occ lateral occipital , m median or interorbital plate , m occ, median 
occipit^ 0 , orbit , pdl, posterior dorso lateral , p m pre median pmd posterior 

median dorsal , ptoJif post median , pvlj posterior ventro lateral Plates 

investing the limbs c central , d a, dorsal anconeal ^ d out ^ dorsal articular , e m, 
external marginal , % m, mtemal marginal , m marginals , ^ terminal (From 
Traquaii ) 


lacunae (Fig 322)^ The orbits are close together, near the 
middle of the dorsal surface, and between them there is a small 
median interorbital plate, with a deep pit on its inner surface, 
possibly for a parietal organ A small lateral plate {e I ), evidently 
free behind, suggests the presence of an operculum ISTothing 
IS certainly known about the jaws or the nostrils The mouth 
IS situated just behind the anterior margin of the cephalic shield 
on the ventral surface, and m front of it there are two plates, 
^ Traquair, Ann Nat S%st (6), ii 1888, p 485 
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which ia BothrioUpis canadensis have their oral margins 
fringed by small “denticles”; it is possible that these plates 
represent the components of a secondary upper jaw. The dorsal 
armature of the trunk is shown in Fig. 322. Ventrally it is 
completed by a pair of anterior ventro-lateral plates and a pair 
of posterior ventro-lateral plates with a small median plate 
between the two pairs. Articulating with the anterior ventro- 
lateral plates by means of a complex hinge joint there is a pair 
of pectoral appendages of a kind entirely without parallel in 
any other vertebrated animals. Each appendage is completely 
encased by numerous suturally connected plates, and about the 
middle of its length there is a second movable joint. The 
appendages are hollow, and their cavities probably contained the 
muscles by which the limbs were moved, and the blopd-vessels 
and nerves for their nutrition and innervation. A lateral line 
system of the normal type is present in BtericMhys, consisting of 
a lateral groove along the side of the trunk, and of supra-orbital 
and infra-orbital grooves, and post -temporal and infra -orbital 
commissures, on the head. The free portion of the body and the 
tail are invested by imbricated and finely tuberculated scales, which 
form fulcra in front of and behind the small dorsal fin. There 
are no pelvic fins. The caudal fin is heterocercal. 

Fam. 1. Asterolepidae. — ^The best known genera are Pterieh- 
thys from the Lower Old Bed Sandstone of Scotland and the 
Devonian of Eifel, and Bothriolepis, a more widely distributed 
. genus which occurs in the Upper Old Red of Scotland and 
Shropshire, and in the Upper Devonian of Russia and Canada. 
Two other genera, Asterolepis and Micrdbrmhius, are also found 
in the Old Red Sandstone of Scotland.^ 

Beyond an uncertain and shadowy relationship to the Ostraco- 
dermi, and perhaps some points of resemblance to the Arthrodira, 
the Antiarchi stand alone among Craniates. R'othing is known 
of their origin ; no intermediate forms link them to any other 
groups, and the high specialisation they have attained is sufficient 
to negative any idea that they can " be credited with any share 
in the evolution of the Fishes of more recent periods.” 

' Traquair, Proc. Soy. PAys. Soo. Mini. xi. 1891-92, p. 283. 
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IV, Arthrodira. 

This group has been instituted for the reception of a number 
of remarkable armoured Fishes of uncertain lelationsliips which 
flourished in Europe during the Deyonian and Old Eed Sand- 
stone periods, and in North America from tlie Devonian to the 
Lower Carboniferous. The head (e g. in Ooccosteus) ^ is invested 
dorsally by a senes of median and lateral symmetrically-disposed 
tuberculated plates (Fig. 323) Two of the lateral plates aie notched 
for the orbits, and between them there is an interorbital plate 



Pig. 323 — Restoration of Ooccosieu 9 decipien^. Old Red Sandstone of Scotland, x 
A, Articulation of the cephalic and trunk shields ; J)B and radials of the 
dorsal fin, IT, haemal aiches and spines, MQ, sensory canals, AT, neural arches 
and spines , NT, notochord ; U, median plate ; YB, basipteiygium , YR, radialia 
of the pelvic fin (Prom Parker and Haswell, after Bashford Dean and Smith 
Woodward ) 

which either has a pit on its inner surface or is perforated by an 
open funnel, as in Dimchthys, possibly for a parietal or a pineal 
organ. Some of the bones present some analogy, to say the least, 
to certain of the dermal bones of a typical Teleostome, apparently 
representing such elements as paired parietals and frontals, a 
dermal mesethmoid, and toothless premaxillae and maxillae (Fig. 
324, A). As in the Antiarchi, the anterior portion of the 
trunk is also armoured, above by a dorsal shield, formed by 
median and lateral plates, and below by a similarly constructed 
ventral shield (Fig. 324, B). A huge joint connects the head 
and trunk shields: hence the term Arthrodira or ‘^joint-necV 
The rest of the body is naked. 

Pectoral fins are unknown, but pelvic fins, each supported by 
a stout basal plate or basipterygium, and with traces of radials, 
are present. There is a small dorsal fin. Little is known of 
the primary cranium, but in the trunk and tail it is evident 

^ Traquair, Ann, Nat, (6), v. 1890, p. 125. 
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that there are well-developed and partially calcified neural and 
haemal arches associated with a persistent notochord. It is 
possible that the skull is autostylic. Gill-arches are not known. 
A pair of plates (Fig. 324, A,;) at the postero-lateral angles of 
the cephalic shield may perhaps be opercula. The teeth are 
conical. Those in the upper jaw are supported by two pairs 

of plates, probably vomers 
and palatines. In the 
lower jaw there are two- 
series of teeth, one in front 
near the symphysis, and 
the other behind, sup- 
ported by a single bone in 
each ramus. There is a 
well-developed lateral line 
system, indicated by sur- 
face markings on the head 
and trunk shields. 

Fig. 324,— Dorsal view of the cephalic and trunk h 

shields of Ooecosteus (A) ; and a view of the 1- COCCOSteidae. 

ventral part of the trunk armour (B). a,dJ, Coccoste\lS OCCUrS in the 

Anterior dorso - lateral ; a I, antero - lateral ; • x* -p i 

anterior median ventral ; anterior -L/eVOniail 01 iturope anci 
ventro-lateral ; c, central; e.o, external occi- [J^orth America and in- 
pital ; 1 ./, internal lateral ;y,.]ugal; ?;?, marginal; . i 

OTi,d, median dorsal ; 7 ?i.e, dermal mesetlimoid ; ClUCles SpCCieS Ol relatively 
m.o, median occipital ; m.i\ median ventral ; vix, gi2e not exceeding" 

maxilla ; nasal aperture ; o, orbit ; p, pineal . ' . _ " , ® 

plate ; p.dX posterior dorso-lateral ; pre- half a metre in length. G, 

maxilla; preorbital ; « post- orbital ; tlie best kuOWll 

p.v.l, posterior ventro-lateral. (From Traquair.) ^ 

species, is a characteristic 
fossil in the Old Eed Sandstone of Scotland. FUyctaenasjns ^ is 
found in the Lower Devonian of Canada, England, and Poland. A 
larger Arthrodiran, with slender toothless jaws, Eomosteus^^ is met 
with in the Lower Old Eed Sandstone of the North of Scotland, 
and in the Devonian of Germany and Eussia. The Old World 
Arthrodira must yield, however, to those of the New World for 
variety in size and shape, and in the character of their dentition.^ 



1 Traquaii', Geol Mag, (3), vii. 1890, p. 55 ; Proc, Hoy. Pkys, ^oc. Edi%l, x. 
P* 227. 2 2^ 

® Kewberry, T7ie Palaeozoic Fishes of North America^ Mon. 27. iS'. GeoL Survey, 
xvi. 1889 ; Bashford Dean, Fishes, Living and Fossil, New York, 1895, p. 12^ 
et seq. ; Neio York Acad, Sci. Mem. ii. 1901, p. 87 ; Eastman, Aoner. Journ. ScL 
(4), ii. 1896, p. 46 ; Amer. Geol. xviii. 1896, p. 222 ; Bull. Mus. Corny. Zool. xxxi. 
1897, p. 19. 
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Some of the Il^orth American genera DinicJithys) probably 
attained a length of ten feet, or even, as in Titanichthys, a much 
greater size. Some are fusiform in shape, but MyUstoma is flattened 
and Eay-like, and, judging from the dentition, their food and 
habits must have been equally varied. Mylostoma has tritoral 
plates not unlike those of Neoceratodus or Ghiinmra. In others 
the teeth are single, and conical or pointed ; in Titanichthys the 
front teeth in both jaws are beak-shaped structures. It is 
highly probable that Titanichthys, Mylostoma, and perhaps other 
genera, are types of distinct families. 

The Arthrodira have been regarded as armoured Dipneusti, 
a view which is mainly based on their supposed autostylism and 
the nature of the dentition. But this autostylism has yet to 
be verified, and, if proved, the possibility that it may be a 
secondary feature, associated with the evolution of a peculiar 
dentition, must not be forgotten. Much more may be said for 
their claim to be regarded as a highly specialised race of primitive 
Teleostomi. Besides a well-developed lower jaw, bones compar- 
able to the elements of a secondary upper jaw are known, and 
in a general way the disposition of the cranial roofing bones, 
and the arrangement of the endoskeletal elements of the pelvic 
fins, tend to conform to the normal Teleostome type. In fact, 
Dr. Traquair has expressed the opinion that the Arthrodira are 
Teleostomi and Actinopterygii.^ 

^ Ee$L Brit. Assoc. 1900, p. 779. 
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CHAPTER XXI 


TELEOSTEI : GENEEAL CHAEACTEES — MALACOPTIEYGH — 
OSTAEIOPHYSI 

Order IV. Teleostei.^ 

As stated above (p. 495), the Holostean Ganoids pass very 
gradually into the Teleosteaus, the lower groups of which appear 
to have been directly derived from them. The precise defini- 
tion of the Order Teleostei, as compared with the Ganoid Order 
Holostei, IS a matter of some difficulty. The most impertant 
character appears to be the presence of an ossified supraoecipital 
bone.^ Remnants of piimitive characters, such as ganoid scales, 
fulcra, rudiments of a splenial bone, spiral valve to the intes- 
tine, multivalvular conus arteriosus, are still found in some 
lower Teleosteans, but no longer in that combination which 
serves to define the preceding order Although Alhula is excep- 
tional among all Teleosteans in having two transverse series of 
valves to the bulbus arteriosus instead of one, no Ganoid has 
fewer than three. 

The first remains of Teleosteans appear scantily in the Upper 
Trias, and it is not before we reach the Upper Cretaceous that 
they assume preponderance over other Teleostomes, whilst in 
the Upper Eocene they have already attained a development 
and variety of types comparable to their present condition. Out of 
some 12,000 well-established species of Eishes known to exist at 

^ The natural position of the Teleostei in the senes of Fishes is indicated on 
p 149 

’ This exists in Daped'ius, as pointed out by A S Woodward. But this genus 
should certainly be removed from the vicinity of Lep%dotus, and it seems to bear 
afSnity with the Pholidophoridae. 

S4I 
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the present day, about 11,500 belong to this order. The classi- 
fication of such an array of forms is, of course, a matter of great 
difficulty, and gives scope for much difierence of opinion among 
those who have attempted to grapple with the subject. It is 
now recognised that the study of the skeleton affords the safest 
guide to a natural arrangement of the families and higher 
^visions. Much has been done in this line by Cope, Gill, 
Sagemehl, A. S. Woodward, and Jordan and his pupils ; but the 
osteology of many important types still remains unknown. Tor 
some years a large number of skeletons have been prepared in 
the British Museum with the object of settling open questions, 
and this material has enabled me to draw up a scheme of classi- 
fication which, whatever its defects, and however provisional, I feel 
sure is on the whole an improvement on those hitherto proposed, 
and especially on that generally in use in this country. The latter 
was, to a great extent, based on physiological principles ; the present 
aims at being phylogenetic. In its preparation I have derived 
great benefit from the labours of the authors quoted above, but 
have endeavoured in every instance to verify their statements on 
a larger osteological material than appears to have been available 
to them. I have also had the advantage of the criticism, on many 
points, of my young colleague, Mr. C. Tate Began, who has himself 
endeavoured to settle some important questions of classification.^ 
The Order Teleostei is divided into thirteen sub-orders, the 
probable relations of which are expressed in the following 
diagram : — 

11. Opisthomi. 13. Plectognathi. 12. Peciiculati. 

Anacanthini. 10. Acanthopterygii. 8. Percesoces. 


7. Catosteomi. 5 Haplomi. 6. Heteromi. 

f 4. Apodes. 

\.3. Symbrancliii. 

1. Malacojjterygii. 2. Ostariophysi. 

Ganoidei Holostei. 

^ A synopsis of the classification followed in this work has been published in the 
Annals and Magazine of Natural Eistory (7), xiii. 1904, p. 161. Some corrections 
have been introduced, chiefly due to the investigations of Dr. W. G. Eidewood. 
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In the classification of Gunthei, 'which has been geneiallj in 
use in this countiy for the last thirty years, the Teleosts weie 
divided into si\ piincipal groups, of oidinal laiik I Acantho- 
ptei}giij II Acaiithopterygii Pharjngognathi , III Anacanthini^ 
IV Phjsostomi, V Lophobianchii , YI Plectognathi Gioup I 
coiiesponds to Sub-Oider 6 (part), 7 fpart), 8 (part), 10 (pait) 11 
and 12 of the present woik, Gioup II to Sub-Ordei 10 (part), 
Gioup III to Sub-Order 9 and 10 (pait) , Group IV to Sub- 
Oidei 1, 2, 3, 4, 5, 6 (part), and 8 (part) , Group V to Sub- 
Oidei 7 (part), and Gioup VI to Sub-Ordei 13 

Sub-Order 1 Malacopterygii 

All -bladder, if piesent, communicating with the digestive tract 
by a duct Opeicle well developed Pectoial aich suspended 
fiom the skull , mesocoracoid arch present ^ Pins without spines, 
the ventials abdominal, if present Anterior vertebrae distinct, 
without Webeiian ossicles 

This sub-order, which coriesponds to the Isospondyli and 
Scyphophoii of Cope and to a pait of the Isospondyli of A S 
Woodwaid, embraces the most generalised of the Teleosts, and is 
intimately connected with the Ganoids by the fossil forms which 
aie placed at the base of the senes of families The physosto- 
mous condition of the air-bladder, the connexion of the pectoral 
aich with the skull, the presence of the mesocoracoid arch, the 
backward position of the many-rayed ventral fins, the normal 
condition of the anterior vertebiae, the absence of true spines 
to the fins, and the separation of the supraoccipital bone from the 
frontals by the paiietals, are primitive characters which among 
the Teleosts occur combined in some families of this sub-order 
only The mesocoracoid arch is retained by the Ostariophysi, 
which differ in the remarkably modified condition of the anterior 
vertebrae, but it disappears in all other Teleosts, which gradually 
acquire a more forward position of the ventral fins and a reduc- 
tion in the number of then rays, develop spines in the vertical 
fins, and lose the communication of the air-bladder with the 
outside 

The Malacopterygii may be divided into twenty-one famihes, the 
characters of which are contrasted in the following synopsis — 

1 See p 553, Fig 333, B 
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I Pins fiinged with lulcia, or scales coated with ganom , notochoid 
usually continuous through the vertehiae 

Vertebral centra not moie than iings , fins with fulcia , scales ihoiiibic, 
united by peg-aiid socket joints 1 FhohdopJwitdae y 

Veitebral centra not more than iingb , tins with lulcia , scales cycloid 

2 Ai chacomaemdao j 

Vertebial centia comj)lete or with minute pciforation , fins with tulcia , 
scales cycloid . 3 Ohgophic'iidac y 

Vertebial centia neaily comj)lete, but with pertoiation , no lulcia , sc lies 
cjcloid 4 Le^toU'p'idulae y 

II Fins without fidcia , scales without ganoin , ^e^teblal ccntia com- 
plete 

A Supiaoccipital sepaiated fiom the Irontals by the paiietals oi uppei 
surlace of skull , no adipose fin 

1 Vential fins -with 10 to 16 lays 

An inteigulai bone , pirasphenoid nairow 5 JSlopidae 

No intergulai bone, paiasphenoid veiy bioad 6 Alhichdcoe 

2 Ventrals with not more than 7 lays 

a Supiatempoial veiy laige, x)late-like 
Piaemaxillary single, its posteiior e\tienuty free from the maxillary , syin 
jilectic absent , basis cianii simjple 7 Mormijrzdae 

PraemaxiUary paired, its posterior extremity firmly attached to the maxil 
lary , symplectic piesent , basis cianii double S Hyodonttdac 

b Supra temporal small , maxillaiy fii inly attached to postciioi 
extremity of xnaemaxillaiy 

Pi aemaxiUaiy parted , a large hole on each side of the skull, between the 
post fiontal and the sixuamosal , basis ciaiui double , subox'ieiculum ibstnt , 
ribs sessile 9 N'otoptendcu 

Piaemaxillary paiied , basis cianii simple , siibopciculuni i educed , iibs 
inserted on parapophyses 10 O^teocjlossidae 

Praemaxillary single , basis cianii siinjile , subopeiculum and inlcioxiciculum 
absent , libs insei ted on parapophyses 11 Pantodontidcu 

c Supratemporal small, maxillary mo-vablc , iibs sessile, 
ventral fins below the pectorals 1 2 Gtbnothm^sidai y 
B Supraoccipital sepaiating parietak, oi adipose fin piesent 

1 Intel opeiculum enormous , symjilectic absent , basis cranii sinix)le 

13 Fhractolaomidao 

2 Intel opeiculum normal , symplectic present , basis ciami double 
a Teeth in sockets , maxillary fiimly attached to piaemaxiUaiy 

Symplectic exposed 14 Sau7 odontidae r 

b Teeth not in sockets 

Symplectic concealed between the quadrate and the h.) omandibulai 

15 Ohiiocentndae 

Postclavicle on outer side of clavicle , no adipose fin 

1 6 Clwp&idae 

Postclavicle on mner side of clavicle , an adipose dorsal fin 

17 Salmomdae 

Postclavicle absent , no adipose fin 18 Alepocephahdae 


t This sign indicates that the group is lepresented by fossil forms only 
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3 Interoperculuiii normal ; basis cranii simple. 

Maxillary large, tootlied ; praecaudal vertebrae witbout -well-marked parapo- 
pliyses , scales cycloid or absent ; adipose dorsal fin present or absent 

19. Stomiatidae 

Moiitli small, toothless ; vertebrae with strong parapopliyses ,* head and body 
covered with spiny scales . .20 Gonorhynchidae 

Mouth small, toothless ; no symplectic ; head and body naked 

21. Gromemdae, 

Pam. 1. Pholidophoridae. — Margin of the upper jaw formed 
by the praemaxillaries and the maxlUaries, the latter large and 
loosely attached , teeth small and conical. Parietal bones separ- 
ating the supraoccipital from the frontals ; opercular bones well 
developed. Vertebral centra never advanced beyond the annular 
stage , ribs delicate ; no fused or expanded haemal arches at the 
base of the tail , no epipleurals or epineurals Pin-fiilcra present, 
but usually small , dorsal and anal fins small, the former above or 
behind the ventral fins, which are small or may be absent. Scales 
ganoid, rhombic, those on the flanks united by peg-and-socket 
joints 

This family, which appears to me to be related to the 
Dapediidae, is provisionally placed here by A. S. Woodward on 
account of its resemblance to the Leptolepididae, but it is not yet 
quite clear that the mandible was destitute of splenial and coronoid 
elements, while the bones at the base of the pectoral fin have not 
hitherto been observed. The principal genera are FhoUdophorus, 
ranging from the Upper Trias to the Purbeck; Thoracojpterus, 
from the Upper Trias , and Plewopliolis, from the Upper Jurassic. 
The species of Flwhdojohoms are very numerous in the Jurassic 
period, and Woodward has observed that the scales of the later 
species are more elaborately ornamented than those of earlier date. 

Fam. 2. Archaeomaenidae. — Distinguished from the pre- 
ceding by the thin, cycloid scales. Conspicuous obtuse ridge- 
scales are present along the dorsal and ventral lines. Archaeomenes, 
from the Jurassic (^) of New South Wales. 

Pam. 3. Oligopleuridae. — Characters as in Pholidophoridae, 
but scales cycloid and vertebrae completely or nearly completely 
ossified 

Oligopleurus, from the Jurassic of England and France ; Oeno- 
scopus.iicom the Jurassic and Cret^-ceous of France, Germany, and 
Italy , and Spathiums, from the Cretaceous of Mount Lebanon 
and Dalmatia. 

VOL VII 2 N 
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Fam. 4, Leptolepididae. — Praemaxillaries very small ; maxil- 
laries large, loosely attached ; teeth small and conical. Parietal 
bones separating the supraoceipital from the frontals ; opercular 
bones well developed. Vertebral centra well ossified, but always 
pierced by the notochord ; ribs delicate ; epipleurals present ; no 
fused or expanded haemal arches at the base of the caudal 
fin. Dorsal and anal fins small, the former above or behind the 
ventrals. Ventrals with 5 to 10 rays. Scales thin, cycloid and 
deeply imbricate, usually coated with ganoin in their exposed 
portion. 



Pig. 325 . — Lejptolepis duUus. (Restoration of skeleton by A. S. Woodward.) 

Lejptolepis, with numerous species, from the Jurassic and Cre- 
taceous of Europe and hTew South Wales; Vidalia, Jurassic of 
France; Aethcdion, Jurassic of Bavaria; llirisso^ps, Jurassic and 
Cretaceous of Europe ; and Lycojptera, Jurassic of Asia. 

Fam. 5. Elopidae. — Margin of the upper jaw formed by the 
praemaxillaries and the maxillaries, the latter the more developed, 
and movably articulated above the former to the ethmoid. 
Parietal bones in contact behind the frontals: opercular bones 
well developed. Basis cranii double. A bony intergular or 
sublingual plate. Jaws, palatines, pterygoids, vomer, para- 
sphenoid, glossohyal, and pharyngeals toothed. Eibs mostly 
sessile, inserted very low down, behind parapophyses ; epineurals 
similar to the ribs, but directed upwards. Pectorals low down, 
folding like the ventrals. Post -temporal forked, the upper 
branch attached to the epiotic, the lower to the opisthotic ; 
post-clavicle small ; scapular foramen in the scapula ; pterygials 
well developed, three in contact with coracoid. Ventrals with 
10 to 16 rays. Branchiostegal rays very numerous (over 20). 
Air-bladder large. 
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This family is abundantly represented in Cretaceous times by 
the genera Osmeroides and Elopojpsis, and from the Lower Eocene 
to the present day by Mops and Megalops, Mops sauriis is a 
handsome elongate silvery Fish, found in all the warm and tropical 
seas, the young are ribbon-shaped like those of Alb%da. A 
second species, JS lacerta, is from the West Coast of Africa, enter- 
ing rivers. Megalops, distinguished by larger scales, the absence 
of pseudobranchiae, and the curious prolongation of the last ray 
of the dorsal fin, includes the well-known Tarpon M. atlanUcKs, 
and the Indian M cyprinoides. The Tarpon occurs from the 



Fro 326 —Tarpon, nmch i educed. (After Goode ) 


south-eastern coasts of Iforth America and the West Indies to 
Brazil, and reaches a length of 6 feet and a weight of 1 1 0 lbs. 
It often leaps out of the water, after the manner of Grey Mullets, 
and its chase when hooked affords good sport, the landing of so 
active a giant being attended with great difficulties. Its remark- 
ably large scales, over two inches in diameter, are much prized 
for fancy work in the Floiida curiosity shops 

Fam. 6. Albulidae. — Margin of the upper jaw formed by the 
praemaxillaries and the maxillaries, the latter movably articulated 
above the former to the ethmoid. Parietal bones separating the 
supraoccipital from the frontals; suboperculum large, inter- 
operculum small and entirely or nearly entmely hidden below the 
praeoperculum. Basis cranii double. Praemaxillaries, mandible, 
vomer, palatines, pterygoid, parasphenoid, glossohyal, and pharyn- 
geals toothed. Eibs sessile, inserted behind and somewhat below 
small parapophyses, which are absent or merely indicated on the 
anterior vertebrae, and gradually increase in size towards the 
caudal region; these parapophyses, as well as the neural and 
haemal arches, are autogenous bones , epineurals, no epipleurals. 
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Pectorals low down, folding like tlie ventrals. Post -temporal 
trifid, the upper branch attached to the epiotic, the median to the 
squamosal, the lower to the opisthotic ; post-clavicle large (tormed 
of three pieces) ; scapular foramen between scapula and clavicle ; 
pterygials well developed, two in contact with coracoid. Ventrals 
with 10 to 14 rays. Branchiostegal rays 6 to 14. Air-bladder 
large, not communicating with the ear. 

Elongate fusiform Pishes, covered with large silvery scales 
forming regular longitudinal series ; head naked ; mouth rather 
small, with thick lips ; gill-openings wide. Dorsal fin originating 
in front of ventrals ; anal short ; caudal well developed, forked. 



Fig. 327 . — Albula conorhynchxLS. J nat. size. 


The type of this family, Albula or Butmnus, is remarkable 
among Teleosts in possessing a rudiment of a conus arteriosus to 
the heart, provided with two rows of valvules.^ Its single species 
inhabits all the warm and tropical seas. Prof. Gilbert has 
ascertained that the young pass through a metamorphosis, 
analogous to that of the Eels. The Leptocephalid described 
as Esunoulus by Kaup is probably a larval Albula, 



Pig. 328. — Larva of Albula <m,orhynchus. (After Gilbert.) 


The deep-sea Japanese Pterotlmssus {Bathjilirma) must be 
placed in this family ; its skeleton is* very similar to that of 
Albula, It differs in the elongate dorsal fin, in the pi’esence 
of small teeth on the maxillary bone, and in the small number 
of branchiostegal rays (6 instead of 12 to 14). 

1 Of. Boas, Morph. Jahrb. vi 1880, p. 527, who has found the conus, but in a 
still more rudimentary condition, and with a single row of valvules, in Heterotis 
and Notopterus also. 
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Allula is represented in the Eocene (London Cky and 
Bruxellian), and the Cretaceous Anogmi^is are heheved 

to be possibly related to Pterotlirissiis, Four Cretaceous types 
{Phtliodm, Tliryptodus, Syyitegmodus, and Ancylostylus) are referred 
with doubt to the Albulidae. 

Fam. 7. Mormyridae. — Margin of the upper jaw formed by 
the single praeniaxillary and the maxillanes, the latter articulated 
above the former to the ethmoid. Parietal bones separating the 
supraoccipital fioin the frontals , a large hole on each side of the 
skull, between the sc^uamosal, the epiotic, and the opisthotic, 
covered by a large, thni, bony plate (the supratemporal), which 
]iiay extend over a part of the parietal , sympleclic absent ; 
subopereulum small and hidden under the operculum, or absent , 
uiteroperculuin well developed. Basis cranii simple No 
pharyngeal teeth. Opercular bones hidden under the skin ; 
gill-clefts narrow. Anterior ribs sessile ; epineurals, no epipleurals. 
Pectorals directed upwards. Ventrals with 6 or 7 rays. Air- 
bladder communicating with the ear. 



Fig 329 — Mormyrus cdhallus ^ nat. size 


Curious-looking Fishes, very variable in the form of the head 
and body and m the extent of the fins Mouth often very small , 
teeth in jaws usually few; teeth usually present on the para- 
sphenoid, working against a similar patch on the glossohyal ; eye 
covered over by skin, sometimes very indistinct , scales small, 
cycloid ; branchiostegal rays 4 to 8. The dorsal and anal fins 
may be nearly equally developed (Genyomyrus, Gnathonemus ) ; or 
the former (Mormyrus) or the latter {SypeTOfisKs) are several times 
the longer GymnarchvSy Eel-shaped, apodal, and deprived of the 
caudal fin, lacks the anal fin, the dorsal extending over the whole 
extent of the body. Some species of Mormyrops show how a form 
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like Gymnarchus may have been evolved out of a more typically- 
formed Fish. Nothing is more striking than the variation in 
shape of the snout within one and the same genus, and the names 
given to some of tlie species {ovis, cahalJus, ele2)has, tamandua, 



Fig. 330. — Head of GmtJwnmms curvirostns. 


numenluSj ibis) are sug- 
gestive of resem])lances 
with the heads of various 
animals. 

The Mormyrids are 
highly remarkable for the 
enormous development of 
the l)rain, the weight of 
which etpials to of 
the total, a thing unparal- 
leled among lower Verte- 
brates ; and for the pro- 
blematic organ which 
surmounts it ; also as being 
among the few Fishes in 
which an electric organ 
has been discovered. The 



Fig. 331. — Head of Gnathonemus numenius. 


organ, situated on each side of the caudal region, is derived fi*om 
the muscular system and is of feeble power, as ascertained by 
Babuchin and by Fritsch; it was long considered as pseudo- 
electric.” The natural afidnities of this family appear to be with 
the Albulidae, and there is nothing to justify the term ^'Nil- 
hechte ” (Nile-pike) which has been bestowed on them by German 
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authors Ninety-three species are known from the fresh waters 
of Africa north of the Tropic of Capricorn, and may be referred 
to two sub-families and ten genera ^ : — 

(1.) Mormypjnae, with teeth on the parasphenoid and tongue, 
with ventral, anal, and caudal fins, and a simple air-bladder, 
vertebrae 37 to 64 , peculiar (Gremmingerian) linear bones, with- 
out known homologues, along each side of the tail, above and 
beneath the electric organ , scapular foramen in the scapula, or 
between the scapula and the coracoid. Mormyrojps, Petroce^plialus, 
Isiehthys, 3Iarcusenius^ StomatorJnnus, Myomyrns, Gnatlwnemus, 
Genyomyrns, 3for7nyrus 

(11) (tYMNArciiinae, without teeth on the parasphenoid and 
tongue, without ventral, anal, or caudal fins, and with a cellular 
air-bladder; vertebrae about 120, Gemmingerian bones absent, 
scapular foramen in the coracoid. Gymnarchus, 

Fossil Mormyrids are unknown. 

Venerated by the ancient Egyptians, the Mormyrs of the Nile 
are frequently represented on hieroglyphics and mural paintings 
as well as in bronze models Very httle is known of the habits 
of these Fishes. Prof. G. Fritsch, of Berlm, during his stay in 
Egypt for the purpose of experimenting on electric Fishes, observed 
that they perish very rapidly when removed from the river, and 
he had the greatest difficulty m keeping some ahve in an aquarium 
for two or three days. The species with comparatively large 
mouths {MonnyropSj Gymnarclivs) feed principally on fishes and 
crustaceans, the others on tiny animals and vegetable and more 
or less decomposed matter. Delhez, on the Congo, found that 
many are attracted to the borders of the river in the neighbour- 
hood of human dwelhngs, where they feed on the refuse thrown 
into the water. It is probable that the species with a rostrum 
use it to procure small prey hidden between stones or buried 
in the mud, and that the fleshy mental appendage with which 
many are provided is a tactile organ compensating the imperfec- 
tion of the vision in the search for food. A small Mormyrid from 
the Congo {Stomatorhmus microjos) has the eyes so much reduced 
and the skin so feebly pigmented as to convey the impression of 
a cave Fish. Until quite recently, absolutely nothing was known 

^ For a general account of tlie Fishes of this family, cf. Boulenger, P.Z S, 1898, 
p. 775, and Poissotis du JBassin du Oongo, p 49 (1901), where a bibliographical index 
to the principal anatomical and physiological publications will be found 
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of the breeding habits and development in this impoitdiit family 
To the late J S Budgett we owe some \ ery inteiesting obsel^ ations 
made in the Gambia on Gymna'ielms The Bish makes 

a floating nest, emerging on three sides, ovei which the male 
keeps a fierce watch, the lecently-hatched larvae aic lemaikible 
for the enormous size of the yolk-sac, which hangs down, acting 
as a sort of anchor, and for the presence of long external branchial 
filaments, as in Selachian embryos The Fish piopels itself 
through the water entirely by the action of its dorsal fin foiwaids 
and backwards with equal facilit} when swimming lapidly 



Fig 332 —Gymnarchi ^ mloticus J nat size 

backwards, it mx} be seen to use the end of its tail as i feeler 
to guide the way Budgett has also identified, with some doubt, 
the eggs of Hy^eiojpisus bebe, out of which emerged embi}os not 
unlike those of some tailless Batrachians, which hung suspended 
to lootlets of grass m swamps by means of threads of viscid 
mucus secreted from glands on the top of the head 

Pam 8 Hyodontidae — Margin of the upper jaw formed by 
the praemaxiUaues and the maxillaries, the lattei the moie devel- 
oped and firmly united to the end of the foimer Paiietal bones 
separating the supraoccipital fiom the fiontals , a large hole on 
each side of the skull, between the paiietal, the squamosal, and 
the epiotic (paroccipital), closed by a laige, thin, bony plate (the 
supiatempoial), which extends over the gieatei part of the 
paiietal, subopeiculum and inter operculum small, the latter 
partly hidden below the piaeoperculum Basis cianii double 
Jaws, palatines, pterygoids, vomer, parasphenoid, and glossohjal 
toothed , no pharyngeal teeth Eibs sessile, inseited above and 
behind well-developed parapophyses , epineuials, no epipleurals. 

^ Trans Zool Soo \yi 1901, p 126 
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Pectorals low down, folding like the ventrals. Post-temporal 
forked; the upper branch attached to the epiotic, the lower 
to the squamosal ; no post-clavicle , coracoids forming together 
a ventral keel ; scapular foramen between scapula and clavicle , 
pterygials well developed, three in contact with coracoid. Ven- 
trals with 7 rays. Branchiostegal rays in moderate number (8 
to 10). Air-bladder communicating with the ear. No oviducts, 
the eggs falling into tlie abdominal cavity before exclusion. 



Fig. 333. — Upper (A) a-ncl posteiior (b) views of skull and pectoral arch of Hyodon alosoides 
(the supratemporal removed on the left side) Basioccipital ; cl^ clavicle ; cor, 
coracoid , eo, exoccipital , eot, epiotic ; eth, ethmoid ; /, frontal , ?n, ma\illa ; mcor, 
mesocoracoid ; nasal , oo, opisthotic , jo, parietal ; pd, po&tclavicle , p'ni, prae- 
maxilla , pm, praeorbital ; ptf, postfrontal; ptr, pteiygials , ptte, post-temporal , 
scl, supraclavicle , so, supraoccipital , sor, suhorbital , sq, squamosal , ste, supra- 
temporal 

Elongate, compressed, silvery Eishes, covered with moderate- 
sized cycloid scales ; head naked , mouth large, with strong den- 
tition ; gill-openmgs wide ; dorsal fin short, posterior to the 
ventrals ; anal rather elongate ; caudal well developed, forked. 

A single genus {Hyodon) with three species (Moon-Eyes of the 
Americans), all reaching the length of about a foot, inhabiting 
the fresh waters of North America east of the Eocky Mountains. 



Fig. 334. — J^otoptenis afei\ skeleton, with outline of soft parts, § nat. size. 
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Fam. 9. Notopteridae. — The 

Fishes which form this family 
may be regarded as an eccentric 
modification of a type very 
similar to the preceding, witli 
which they agree in most osteo- 
logical features as well as in 
the dentition, in the connexion 
between the air-bladder and the 
ear, and in the absence of oviducts. 
They differ in the absence of 
the lid -like suprateniporal, the 
hole which it covers in Ilijodon 
being here bordered l)y the 
post-frontal and the squamosal 
(fused with the opisthotic), 
sometimes also liy the epiotic, 
in the absence of the suboper- 
culum, in the absence or incom- 
plete ossification of the upper 
branch of the post - temporal 
(the lower articulating witli the 
oxnsthotic), and in the presence 
of accessory bones (named ad- 
pleurals) attached to or fused 
with the distal extremity of 
the anterior ri])s, which they 
prolong to the mid-ventral line, 
where they are embraced by 
dermal ossifications forming a 
doubly serrated crest. 

The bones of the head are 
cavernous, the mouth is large; 
the anterior nostril is produced 
into a tentacle. The body is 
very strongly compressed, with 
very short precaudal region, 
attenuate behind ; the ventral 
fins are much reduced or absent ; 
the dorsal is short or absent, 
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and the anal is much elongate and confluent with the caudal, 
which may be regarded as aborted. The scapular foramen 
IS entirely in the scapula. The air-bladder is very large, with 
several divisions, forked in front and behind, and prolonged 
along each side of the caudal region , its extraordinary condi- 
tion has been described by Bridge.^ 

These Fishes live in marshes and lakes, fresh-water or brackish, 
and feed on worms and insects. N’othing is known of their 
breeding habits and development. 

Two genera : IToto])terus, with a dorsal fin and 6 to 9 branchi- 
ostegal rays — three species from India, Burma, and the Malay 
region, and one from West Africa , Xenomystus^ without dorsal 
fin and with only 3 branchiostegal rays, the unique species in- 
habiting the White Nile and West Africa. Remains of Noto- 
jpteriis have been found in the marl slates (Tertiary) of Padang, 
Sumatra. The largest species, the Indian N, cliitala, attams 
4 feet in length , its flesh is said to be uncommonly rich and well 
flavoured, but a strong prejudice exists against it, owing to the 
Fish being supposed to live on human carcases 

Pam. 10. Osteoglossidae. — Margin of the upper jaw formed 
by the praemaxillaries and the maxiUaries, the latter the more 
developed and firmly attached to the end of the former. Parietal 
bones separating the supraoccipital from the frontals , suboper- 
culum much reduced, and entirely or partially concealed under 
the praeoperculum. Basis cranii simple. Teeth in jaws, and on 
pterygoid and hyoid bones; no pharyngeal teeth. Head scale- 
less, the thin skin confluent with the bones , body covered with 
large bony scales, composed of pieces like mosaic. Ribs inserted 
on the strong parapophyses , epineurals, no epipleurals. Pectoral 
fins low down. Post-temporal forked, the upper branch attached 
to the epiotic, the lower to the squamosal ; post-clavicle present ; 
scapular foramen in scapula ; pterygials well developed, only one 
in contact with coracoid. Dorsal and anal fins originating behind 
the ventrals, latter with 5 or 6 rays. No oviducts, the eggs 
falling into the abdominal cavity before exclusion (at least in 
Heterotis, as observed by Budgett). 

This family is represented at the present day by five species, 
referred to four genera ; thus characterised : — 

Sclerojpages . — Mouth large ; vomer, palatines, pterygoids, and 
^ Journ, Linn, Soc xxvii 1900, p 503 
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glossohyal toothed, mandibular baibels , branchiostegal ra}s 
15 to 17, body compiessed, with ti enchant abdomen, coracoids 
foiming a vential keel, doisal fin short, vential fins neaily 
equally distant from end of snout and caudal fin , vertebrae 
29 to 31 + 30, aii-bladdei not cellulai One species fiom the 
noithern paits of Austialia, and one from Sumatra Banka, and 
Borneo 

Osfeoglossmn — Mouth large , \omei, palatines, pterygoids, and 
glossohyal toothed , mandibular baibels , bianchiostegal rays 10 , 
body compressed, with trenchant abdomen , coiacoids forming a 
vential keel, dorsal fin long, ventral fins nearly twice as fai 
fiom the caudal as from the end of the snout , vertebrae 28 + 59 , 
an -bladder not cellular — South America (Guianas, Brazil) 

A'icijpaima — Mouth lather large, vomer, palatines, ptery- 
goids, and glossohyal toothed, bianchiostegal rays 16 , belly 
rounded, doisal fin rather long, ventral fins equidistant from 
head and caudal fin , vertebiae 36 to 38 + 41 to 42, air-bladdei 
cellular — South America (G-uianas Brazil) 

Heterohb — Mouth moderate, branchiostegal rays 7, belly 
rounded , dorsal fin rather long , ventral fins nearer end of snout 
than caudal fin, vertebrae 27 + 42 to 43, air-bladder cellular , 
fourth branchial arch with an accessory breathing-organ — Afiica 
(Nile, Senegal, Gambia, Niger) 

Da'pedoglossus, from the Eocene of Wyoming, appears to be 
nearest to Sclero^ages, and Brycliaetus, from the Eocene (London 
Clay) of Sheppey, Kent, to A'iapa%ma, so far as the state of pre- 
servation of these fossils enables us to form an opinion 

Dr Gunther has directed attention to the lemarkable coin- 



Fig 336 — Distribution of the Osteoglossids 
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cidence of the geogiaphical distiibution ot this iiinil} and the 
Dipneusti, although, howevei, the lattoi aie not known to ho le- 
presented m the Malay Arthipelago ^Not onl\, he ulds, ‘ aie 
the coiresponding species found within the siiue lOw’ion, luit also 
111 the same river systems, and although such a couruxioii may 
and must be paitly due to a similaiit) of habit, }et tlu identity 
of this singulai distiibution is so sinking tlmt it can onl) bo 
accounted for by assuming that the OsteoglossuLic aie one ol tlie 
earliest Teleosteous types which ha\ebeen conUmpoiaiies ot and 
have accompanied the piesent Dipnoi since oi e\eu hcioie the 
beginning of the Teitiaiy epoch ” 

The Queensland species ot Sthropages leuhtinlti) is known 
to the settleis by the name of Baiianiundi, which has <ilso been 
applied to Neoceratodu^ A'iupimim gtgab is one ot the hugest 
tresh-water Fishes known, exceeding a length ot 15 tcet <ituI a 
weight of 400 pounds Its flesh is much valued Sn It 
Schomburgh has obseived that the niothei pickets the young, 
who, for some time aftei their birth, always swim in liont ot hei 
A similar observation has been made iii the (tambia on Hetaotis 
mloUcus by the late J S Budgett, who states th<it the Fish builds 
enormous nests in swamps, in about two Icet ot watei , the w<ills 
of the nest are made of the stems of the glasses icmoved by the 
Fish from the centie , the flooi is the swamp-bottom, and is made 
perfectly smooth and baie The nest appeals to l)e used loi at 
most four or five days, the newly-hatched lar\ae <ue piovided 
with long external gill-filameiits of a blood -led coloui ^ 

Pam. 11. Pantodontidae — The httle West Aliican Fish 
desciibed by Peters as Pantodon bv/liholT/b is the unique lepie- 
sentative of a family closely related to the Osteoglossidtie, but 
distinguished by the very small, single piaemaxillaiy and the 
absence of suboperculum and interoperculum The pectoial fins 
aie very large and are remarkable for the fleshy piooess to which 
the inner ray is adnate , the ventrals, foimed of 7 rays, some of 
which aie simple and prolonged into filaments, are placed more 
forward than in any other type of this sub-order, the Ctenothris- 
sidae excepted, viz immediately behind the pectorals Teeth in 
the jaws and on the vomer, palatines, pteiygoids, parasphenoid, 

1 On the Anatomy, cf Agassiz, in Spix, “Pisc Brasil ” p 32 , Hyrtl, Denkschr 
AJe W%67i^ \m 1855, p 73, Hemprich and Ehrenberg, “Symb Pbys ’* Zootom. 
pis viii and ix. , Bridge, P Z 8 1895, p 302 
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glossohyal, and pharyngeal bones. Mesocoracoid aich slender, 
strongly curved, and meeting its fellow on the median line, 
coracoids forming a ventral keel. Vertebrae few (16 + 14). 



Fio. 337 — Panfodoii buchholzi, natural si/e 


Observed by M de Biazza to be a freshwater Flying-Fish. 
Pam. 12. Otenothrissidae. — A curious type characterised 
by small praemaxillaries, large maxiUaries, with feeble dentition, 



Fig 338 — (Jtenotivn&sa voxilhfer (restored by A. S. Wood-ward), 
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the parietals in contact on the median line, vertebral centra 
without transverse processes, a moderately large dorsal with 
simple anterior rays, and large ventrals advanced iar forwards 
and formed of 8 rays. Its affinities are still obscure, but the 
condition of the jaws decides its allocation to the sub-order 
Malacopterygii, whilst in the position of the ventrals it is most 
nearly approached by the Pantodontidae. Small lishes known 
only by two genera, of the Cretaceous period (England and Mount 
Lebanon), one with ctenoid scales (Oteriotliriasa^, the other with 
cycloid scales (A 2 ilolepis). 

Fam. 13. Phractolaemidae. — Mouth edentulous, projectile, 
bordered by the very slender praemaxillaries and inaxillaries. 
Supraoccipital in contact with the frontals, widely separating the 
small parietals; operculum and suboperculum well developed; 
praeoperculum small ; interoperculiim enormous, covering the 
gular region and overlapping its fellow; symplectic absent. 
Basis cranii single. No pharyngeal teeth. Only 3 slender branchi- 
ostegal rays. Eibs stout, sessile, nearly completely encircling the 
body; slender epineurals ; no epipleurals ; caudal region very short. 
Supratemporal small, simple, fixed to the parietal and squamosal ; 
no postclavicle ; scapular foramen in the scapula. Pectoral fin 
inserted low down, folding like the ventrals ; latter with 6 rays. 





Fig. 339. — Phractola&rrms ansorgii. § uett. size. 


The remarkable little Pish, PhractolaeTnus aTisorgii, discovered 
by Dr. W. J. Ansorge in the Niger Delta in 190*0, and which 
has since also been found in the Congo, stands quite apart among 
the Malacopterygians, its nearest allies being apparently the 
Osteoglossidae, The body is elongate and subcylindrical, covered 
with large striated scales ; the head is small, the skull strongly 
ossified, covered with thin skin ; the mouth small, proboscidiform, 
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capable of being thrust forwards, when at resb folded over and 
received into a depression on the upper surface of the head ; the 
narial orifice is single, and preceded by a barbel ; the giU-openings 
are narrow, restricted to the sides. The ventral fins are inserted 
far back, the dorsal and anal are short The air-bladder is very 
large, and the intestine extremely long and much convoluted 
Vertebrae 26 + 8. 

Pam. 14. Saurodontidae — Margin of the upper jaw formed 
l)y the praemaxillaries and the maxillaries, the latter the more 
developed and firmly united to the former ; these bones, as well 
as the mandible, with teeth implanted in deep sockets ; palate 
toothless. Sux')raoccipital separating the small parietals; oper- 
cular bones well developed , symplectic present, exposed. Basis 
cranii double. Bibs sessile, very low down on the centra , no 
parapophyses ; neural arches not fused with the centra. Pectorals 
inserted very low down ; postclavicle apparently absent. Caudal 
fin deeply forked, without fused hypurals. 

This family, comprising several Cretaceous genera, may be 
regarded as ancestral to the Glnrocentridae, or near which it 
has been placed by Cope and various later authors. The normal 
Xiosition of the symplectic, however, entitles its members to rank 
as a separate family, and the autogenous neural arch, as well as 
the distinctness of the bones supporting the caudal fin, are also 
indicative of a greater generalisation. The restoration of Ich- 
thyodectes as given by Loomis, shows a general form similar to 
an ordinary Herring, but it does not appear to be reliable. 

The members of the Saurodontidae have been referred to two 
groups : (a) with praedentary (praesymphysial) bone, Sauroce- 
phalus, Smirodon; (&) without praedentary, Ohirocentrites, Portheus, 
Ichtliyodectes^ S^pafhodactylus, Gladocyclus, These Pishes are from 
the Chalk of Europe and Horth America, and some among them 
attain a very large size, perhaps not less than two metres in 
length. 

Pam. 15. Ohirocentridae. — ^Margin of the upper jaw formed 
by the praemaxillaries and the maxillaries, the latter the more 
developed and firmly united to the former ; these bones, as weB 
as the mandible, with large teeth not implanted in true sockets ; 
minute teeth on the palatines, pterygoids, and hyoid bones, 
Supraoccipital in contact with the frontals, separating the small 
parietals; opercular bones well developed, symplectic hidden 



562 


TELEOSTEI 


CHAP. 


between tbe inner surface of the quadrate and a descending 
process of the hyomandibular. Basis cranii double. Bibs very- 
slender, sessile, very low down on the centra ; no parapophyses ; 
epipleurals and epineurals. Pectorals inserted very low down. 
Post-temporal forked ; postclavicle absent ; a thin bony lamina, 
similar to the postclavicle, above the pectoral fin, attached to 
the scapula ; scapular foramen in scapula ; coracoids in contact 
with each other, forming a keel. Ventrals very small, with 7 
rays. Brachiostegal rays 8. Air-bladder large, not communi- 
cating with the ear, incompletely divided into cells. Mucous 
membrane of the intestine forming a spiral fold. 

The body is very elongate and strongly compressed, covered 
with thin, deciduous scales; the vertebrae number 75. The 
dorsal fin is short and opposite to the anal, which is loiig. 



Fig. 340. — Side view of skull aud pectoral arch of Chirocentrus dorah. 

CMrocentrus doral^ the only representative of this family, 
inhabits the Indian Ocean and the seas of China and Japan. 

Fam. 16 . Olupeidae. — Margin of the upper jaw formed by 
the praemaxillaries and the maxillaries. Supraoccipital separat- 
ing the small parietals ; opercular bones well developed. Basis 
cranii double. Bibs mostly sessile, inserted behind parapophyses ; 
intermuscular bones (epineurals, epipleurals, adpleurals) usually 
numerous. Post-temporal forked, the upper branch attached to 
the epiotic, the lower to the opisthotic ; post-clavicle applied to 
outer side of clavicle. Ventrals with 6 to 11 rays. Air-bladder 
large, communicating with the ear. 

Four sub-families : — 

(i.) Thrissopateinae. — Mouth large ; praemaxillaries very 
small ; maxillaries large, with rather narrow supplemental bone, 
firmly attached to praemaxillaries; branchiostegals about 30; 
abdomen compressed to an edge, without serration; no lateral 
line. Thrissopater, from the Gault of Folkestone. 
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( 11 ) Ergraulinae — Mouth moderate or large , praemaxillaries 
very small , maxillaries large, with narrow suxoplemental bones, 
more or less firmly attached to praemaxillaries , branchiostegals 
6 to 1 9 ; abdomen rounded or more or less compressed, with or 
without serration , no lateral line. Eecent genera : Dussumieria, 
Etrumeus, Ungmuhs, Getengrauhs, Heterotlmsscc, Coiha, Eossil : 
Sjpamodon, Upper Cretaceous. 

(ill ) Clupeinae. — Mouth small or moderate ; maxillaries freely 
movable behind the praemaxillaries, usually with large supple- 
mental bones , branchiostegals 5 to 1 0 , abdomen usually serrated ; 
lateral line usually absent. Eecent genera : Clupea, Hgjoerloflius 
{Di;plomyst7cs)^ Oinsthonema, Brevoortia, Pellonula, CLujoeichthys, 
Odaxotlio^issa, Pellona, Chirocentrodon^ Prishgaster, Paconda, 
Chatoessus. Eossil : Pseudoberyx, Histiotlirissa, ScomlToclujpea, 
LeptiehthySj Ux^per Cretaceous. 

(iv.) Chaninae. — Mouth small, toothless , maxillaries firmly 



attached to praemaxillaries ; branchiostegals 4, very broad ; 
abdomen rounded or flattened, lateral line distinct Ohanos, 
recent ; Clianoides, Upper Eocene ; Proclianos, Cretaceous 
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Heralded hj the genus Thrk^oiniter} which may l)e regarded as 
a connecting typo between the Elopidae and the CHupeidae, this 
family is largely represented in Cretaceous times, more abundantly 
still in the Eocene and Miocene, where Olupra and EngrauJis 
occur in numerous species; Sype.rlo}ihus, distinguished from 
Clupea by the presence of a dorsal serrated ridge similar to tlie 
ventral, occurs in the Upper Cretaceous of Syria, Southern 
Europe, and South America, in the Eocene of 'North America and 
Europe, and is represented at the present day on the West Coast 
of South America and on the coast and in the rivers of New 
South Wales. About 200 Glupeids are known to live at the 
present day, mostly marine species, but a few are confined to fresh- 
waters ; none may be termed deep-sea forms ; some, like the Allis 
Shad {Clibpea alosa) and Twait Shad {0. finta), are anadromous, 
ascending rivers to spawn. The range of the family is almost 
cosmopolitan. Several species are remarkal)le for the extreme 
abundance of individuals, as for example the Herring {Clupea 
liaTengus)^ the Pilchard or Sardine {0. pilchard us), and the 
Anchovy {EngrauUs encrasicholus). The Herring inhabits the 
northern parts of the Atlantic and the seas north of Asia. As 
Dr. Gunther first showed, the so-called Whitebait” consists 
chiefly of the fry of Herrings, which, like those of the Sprat 
(G. sprattus), have a predilection for brackish water. The 
Anchovy and the Pilchard, on the other hand, seldom if ever 
enter estuaries. The eggs of the Herring, contrary to those of 
most British marine food-fishes, are heavy and adhesive, sticking 
firmly to stones or fixed objects on the sea bottom, whilst those 
of the Sprat and Pilchard float on the surface. The larvae are 
long, slender, and transparent. The Sardine, which affords so 
valuable a fishery on the West Coast of France, is the immature 
state of the Pilchard, which grows to a length of 10 to 14 
inches. Its movements are not yet well understood, and its 
scarcity during certain years in the waters where it usually 
swarms has caused periodical crises in an important industry. 
Pipe Pilchards are mostly found at a considerable distance from 
the coasts. The Anchovy is especially abundant in the Mediter- 

^ I have not been able to convince myself of tbe existence of an intergular plate 
in this genus, but I am satisfied that the postclavicle rests on the outer side of the 
clavicular arch. The bone that has been regarded as a small intergular plate in 
S;paniodon is, in my opinion, the glossohyal. 
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iinean, but it is also legulaily fislied m Holland, tspeciall} in 
the Zuydei&ee, wheie it biceds, as well as 111 the Mediteiianean , 
it makes only tempoiaiy appeaiances, and has not been obseived 
to spiwn, in the English Channel, although eggs have lecently 
been obtained off the coxst of Hoith Lancashiie^ 

The impeifectly known Cietaceous Ciossognathidae (Cqosso- 
gmthios and SLyllaemus)^ lefeiied by some authois to the Percesoces, 
should piobably be placed with 01 near tlie Clupeidae 

Fam. 17 Salmomdae — Maigm of the uppei jaw formed by 
the piaemaxillaiies and the maxiUaries Supraoccipital in contact 
with the fiontals, but fiequently ovei lapped by the parietals, 
which may meet in a sagittal suture , opeiculai bones all well 
developed Basis ciann double Bibs sessile, parapophyses veiy 
short 01 absent , epineuials, sometimes also epipleuials, present 
Post-tempoial foiked, the uppei bianch attached to the epiotic, 
the lo'?\ei to the opisthotic , postclavicle, as usual, apphed to 
inner side of clavicle A small adipose dorsal fin Air-bladder 
usually piesent, laige Oviducts ludimentaiy 01 absent, the ova 
falling into the cavity of the abdomen befoie exclusion 

Maiine and fresh-watei Fishes, mostly from the tempeiate and 
Aictic zones of the noithern hemispheie one genus {Eet'i o;p%nna) 
on the coasts and in the riveis of New Zealand , a few deep-sea 
forms gentioiaj Ihcoostoma, Nansema, Bathylagus) occur in 
the Aictic Ocean, the Noith Atlantic Ocean, the Mediterianean, 
and the Antaictic Ocean, down to 2000 fathoms Apparently 
of compaiatively recent age, no lemains oldei than Miocene 
{Osmenis, TliawmatmuSj P'i othymallus) being ceitainly leferable 
to this family The recent genera may be grouped as follows — 
A An -bladder present 

a Branchiostegal rays 8 to 20 , vential lays 9 to 13, stomach 
siphonal, pyloiic appendages more or less numerous (17 to 
200) Breed in fresh water Salmo, Brachymystax, Stenodus, 
Ooregon'uSy Bliylog&pliyra, Thyonallus 
I Branchiostegal rays 6 , ventral rays 11 to 14 , stomach caecal , 
pyloric appendages in moderate numbei s(12to20) A? gentina 

^ On the life histones of the Biiti&hClupeids,cf Heinche, “ Natmgeschichte des 
Heiings * {Ahh Deutseh Seefiseh Vcr 11 1898) , J T Cunningham, “LifeHistoiy 
of the Pilchard ’ {J Mar Bwl Ass [2] 111 1894, p 148), and the manuals of the 
latter author {Marhetahle Bzshes of Great Britairif 1896) and of McIntosh and 
Masteiman {British Manne Food Fishes^ 1897) 

On the accessory branchial organs of some genera, see p 294 
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c, Branchiostegal rajs 6 to 10 ; ventr<il rays G to 8 ; stomach 
caecal; pyloric appendages few (2 to 11) or rather numerous. 
Osmerus, ThaUichtliySf Mallotus, PhcoglimuSj Ilijpomems, 

d. Branchiostegal rays 3 or 4 ; ventral rays 8 to 1 0 ; stomach 
caecal ; pyloric appendages absent. Microstoma, Kanscnia, 
Bathylagiis, 

B, Air-bladder absent ; branchiostegal rays 3 to 6 ; ventral 
rays 6 or 7 ; stomach siphonal ; pyloric appendages absent. 
EetTo;ginna, Bcda'iwo, 

Only about 80 species can, at present, be regarded as valid. 



Fig, 342, — Distribution of Salnionidae (deep-sea forms not included). 


The beauty, gameness, and great economical value of the 
Salmonids have caused more attention to be bestowed on them 
than probably upon any other group of fishes. As Professor 
Smitt tells us, a Swedish proverb says “A dear child has many 
names, and this applies well to our Salmon and Trout, the species 
of which have been unduly multiplied by some writers. The genus 
Salmo, characterised by a large mouth and powerful dentition, 
is divided into three sections : Oncorliynchus, Quinnat Salmon, 
of the North Pacific, ascending rivers in North America and Asia, 
with 12 to 17 developed rays in the anal; Salmo, Salmon and 
Trout, with 8 to 12 rays in the anal, and teeth not only on the 
head of the vomer but also along its shaft, at least in the young. 
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represented in the seas and freshwaters of Europe, Asia, and 
North America, extending southwards to North-West Africa, 
Asia Minor, Northern Persia, the Hindu Kush, the head of the 
Gulf of California, and the Eio Grande ; Salvehnus, Charr, with 
8 to 10 rays in the anal, and teeth on the raised head of the 
vomer only, of the lakes of Northern and Central Europe and the 
rivers of the northern parts of Asia and North America as far 
north as 82° 34', sometimes descending to the sea. 

The changes in form and colour which these fishes undergo 
when passing from fresh water into the sea or when artificially 
transported from one place to another are very great, and this 
plasticity, together with the connecting links which render the 
naming of not a few specimens impossible, have caused most recent 
students of the genus Salmo, in Europe at least, to reduce many 



Fia. 3i3 — ^Trout {JSalmo trutta). x (After Valencieimes ) 


of the so-called species to the rank of local varieties, and even 
our common Brown Trout or Brook Trout (>S1 fcmd) is now 
generally regarded as not specifically separable from the ana- 
dromous Sea Trout (S. trutta). The anadromous true Salmon 
{S. salar) may be distinguished by its somewhat larger scales, 
there being only 11 or 12 in a transverse series running from 
the posterior border of the adipose fin forwards to the lateral 
line, Trout having 13 to 16. The Charr of the lakes of Wales, 
the North of England, Scotland, and Ireland are also regarded 
as mere varieties of the common Northern migratory Charr 
(SI aljp%nus\ of which the " Omble Chevalier ” of the Swiss lakes 
and the “ Saebhngs ” of the Alpine lakes of Germany and Austria 
are likewise varieties. An alhed species {S. fontinalis) has been 
introduced into England from North America, as well as a true 
Trout {S, irideus). The large size of the eggs, their lack of 
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adhesiveness, and the fact that the ova fall into the abdominal 
cavity, out of which they may easily be squeezed, rendeis artificial 
impregnation particulaily easy, and the species oi ^(dmo have 
always occupied the first place in the annals of fish-cultuie. 
Fertilised eggs are transported in ice, the development being 
simply suspended for seveial weeks, and several loims of loutish 
and American Salmonidae have thus been intioduced into New 
Zealand and Tasmania, where some have thoroughly established 
themselves. 

The White-Fish, Coregonus, are more numerous in species than 
Salmo, and as a rule more readily defined. They are easily 
recognised by their large silvery scales and their smaller moutli 
without or with minute teetL Some, like the Houting ((7. 
oxyrliynclius) of Northern Europe, occur in the sea, entering 



Fia. 344. — Capelm mtows.) ^ nat size (After Valenciennes.) 


rivers to spawn, whilst others, like the Sik, Weiss, Felchen, or 
Lavaret ((7. lavaretuB), are confined to lakes. British species are 
the Gwyniad ((7. clupeoides'), of Loch Lomond, Haweswater, Ulls- 
water, and Bala, the Vendace {0. mndes%us), of Loch Maben, and 
the Pollan (C. pollan) of Lough Neagh in Ii eland. 

The Grayling {Thymallvs vulgaris or mxilhfer), with its high 
dorsal fin formed of about 20 rays, one of the handsomest British 
fishes, inhabits the rivers and lakes of Northern and Central 
Europe, and is represented by a few allied species in Asia and 
North America. It derives its name from having the odour of 
thyme. 

The Smelt {Osmerus eperlanus) breeds in salt water, and 
although it often enters rivers, it does not ascend beyond tidal 
influence. The Capelin {Mallotus villosus), of the coasts of Arctic 
America and North-eastern Asia, deposits its eggs in the sand 
along the shores in incredible numbers, the beach becoming a 
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quivering mass of eggs and sand. JPlecoglossus, from Japan and 
Formosa, is liiglil7 remarkable for its lamellar, comb-like, lateral 
teeth. The Siel-Smelts (^Argentinci) are deep-sea Salmonids of 
which examples have occasionally been taken oft* the coasts of 
Scotland and Ireland ; large numbers have been brought from 
Norway to Englisli markets. Batliylagiis is still better adapted 
for life at great depths (down to 1700 fathoms), the eyes being 
of enormous size. As Dr. Gunther has observed, '' these fishes 
must be entirely dependent for vision on the phosphorescent 
light which is produced by other abyssal creatures. Not being 
fish of prey themselves, or only to a slight degree, they would be 
attracted by the light issuing from the Pediculates and Stomiatids 
of the deep, and thus form an easy prey to these fishes.” 

Secondary sexual characters are very strongly developed in 
many Salmonids. In adult males of Salmon, Trout, and Quinnat 
the snout becomes greatly distorted, both jaws being hooked and 
the base of the teeth more or less enlarged ; in the latter species 
a fleshy hump is developed before the dorsal fin, and the scales of 
the back become embedded in the flesh. Pearl-hke excrescences 
appear on the scales of many of the White-Fish during the breed- 
ing season, being more prominent in males than in females, and 
Mcdlotus villosus is so called from the villous bands formed by 
the scales of mature males, the scales above the lateral line and 
along each side of the belly becoming elongate-lanceolate, densely 
imbricated and produced into free, projectmg points ^ 

The Pachyrhizodontidae, with the Cretaceous genus Pachy- 
rhizoduSj are placed by some authors with the Salmonidae, but the 
remains at present known are too fragmentary to afford a correct 
idea of their exact systematic position There seems to be less 
justification for placing them among the Elopidae. 

Fam. 18. Alepocephalidae. — Deep-sea Fishes similar in 
general structure to the Clupeidae and Sahnonidae, but destitute 
of a postclavicle and of an adipose dorsal fin,^ the rayed fin being 
situated far back on the body, in the caudal region, and opposed 

^ For important contributions to onr knowledge of European and American 
Salmonids since the publication of Gunther’s account in the British Museum, 
Catalogue, cf, F. Day, British arid Irish Salmonidae (1887), Smitt, Krit. Forteckn, 
Hiksmus, Salmomder (1886), Fatio, Faune des VerUhris de la Suisse^ v. (1890), and 
Jordan and Evermann, Fish. JV. America, 1 (1896) 

® In Armmlopterus, however, a sort of adipose fin exists, as a fold or cushion on 
the back, but in frmt of the rayed dorsal. 
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or slightly anterior to the anal. The skeleton of AIcpocei)lialus'^ 
is remarkable for its feeble ossification. Epipleairals and epi- 
neurals are present, and the bilateral division of the neural arch 
remains perfectly distinct throughout the praecaudal region, both 
halves being very loosely apposed. The air-1 )kdder is absent. 
Ventrals are absent in Platytroctes, and the snout is much pro- 
duced in Aulostomatomorpha. 

Eleven genera are distinguished : — A, with scales : Al&po- 
cephalus, Co%ocaraj Bathytroctes, Leptocliilichtlujs, JSfarcetes, Plnty- 
troctes, Aulostomatomorplia. B, without scales : — Xcuodermichthys, 
AleposomuSj Leptoderma^ Anomalopteriis, 

Eepresented by about 35 species in nearly all the seas; as 
usual with deep-sea forms, individuals of the same species have 
been obtained from stations very remote from one another. 

Pam. 19. Stomiatidae. — T would unite under this name the 
Stomiatidae and Sternoptychidae of Griinther, an assemblage of 
aberrant deep-sea Fishes which agree in having the maxillary 
bone more developed than the praemaxillary, and beset with 
teeth, a character which differentiates them at once from all 



other deep-sea forms of this sub-order, as well as from the 
Scopelidae among the Haplomi. The ventral fins are usually 
inserted very far back, and the number of their rays varies from 
5 to 8. Contrary to what occurs in other groups of fishes, the 
pectoral fins have a tendency to reduction, and actually disappear 
in some genera, whilst the ventrals remain well developed ; when- 
ever the pectoral fins are fully developed, as in MauroKcus, 
GhauKodus, Astronesthes, and Photichthys, the mesocoracoid arch 
is present.^ The form of the body varies exceedingly, even within 
the smaller groups into which this family has been divided ; it 
may be excessively short and compressed, or excessively elongate, 

^ A detailed description of the skull of Al^ooepTidlus Tostreutus has been given by 
Gogenbaur, Morphol. ^alvrb. iv. Suppl. 1878, p. 1. 

2 As pointed out by Gegenbaur. These forms are, however, placed by Gill in 
a division characterised by the atrophy or absence of the mesocoracoid. 
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but the mouth and eyes are always large, these fish being 
essentially predatory , the dentition is often very powerful, and 
may extend to the palate or be confined to the jaws. The body 
is naked or scaly ; luminous spots (photophores) are more or less 
developed^ The development and position of the vertical fin is 
highly variable within this group, and the several families which 
have been founded upon this character have no more taxonomic 
importance than in the better-understood groups Oharanmdae 
and Siluridae. All authors, besides, have been compelled to 
admit that the presence or 
absence of an adipose dorsal 
fin has no high significance 
in this case, a view which 
is further strengthened by 
Dr. Gilchrist’s discovery, off 
the Cape of Good Hope, 
of a deep-sea Fish agreeing 
in every respect with Astro- 
nesthes, but for the presence 

of a small adipose fin, ab- diaphana (After 

^ Gunther ) 

solutely similar to the dorsal, 

but situated on the ventral side, immediately in front of the anus. 
Two species with similar ventral adipose fins have just been 
discovered by Dr. Brauer and referred to Astronesthes. I am 
therefore unable to adopt the elaborate arrangement in favour 
with the modern American school. 

The genera may be arranged in five sub-families : — 

I. Anal not exactly opposed to tke rayed dorsal, or much longer than the 
latter ; no hyoid barbel 

A, Bayed dorsal far forward, between pectorals and ventrals ; pectorals 

well developed (Chauliodontinae) Ghauliodus, 

B, Bayed dorsal above or behind the ventrals ; pectorals well developed 

1. Body more or less elongate ; ventrals well developed (Gonostoma- 

tinae). 

a A hyoid baibeL Astronesthes. 

h No barbel. Bathylychnus, Gonostcma, Gyclothone, Triplo;phos, 

FhotichthyS) Bathylaco, DiplopJios, Manrohcus, Ichthyococcus 

2. Body short and deep ; ventrals rudimentary or absent (Sternopty- 

chinae). Argyropelecus^ Stemoptyac, Polyipmis 

II Dorsal and anal opposed to each other and very far back on the 
caudal r^on ; pectorals often reduced or absent ; hyoid barbel often present. 

^ See above, p. 178. 
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(Stomiatinae). Stomias, Macrostomias^ Echiostoma^ Upo^stomia^^ Euchysfomias^ 
Photonectes, Maktcosteus, Thaimaiostomias^ Photosfomias. 

This familj, comprising about 55 species, has a woiid-\vide 
distribution, but most of the known forms have been ol)tained 
from the Atlantic; some of the species occur both in the Atlantic 
and the Indo-Pacific. ChmdiodiiSy AsfronestJics, and Eltomias are 
among the fishes with the most formidable dentition. 

Pam. 20. Gonorh 3 mchidae. — Margin of the upper jaw formed 
by the praemaxillaries and the maxillarios, the latter articulated 
above the former to the ethmoid. Supraoccipital in contact with 
the frontals, widely separating the small parietals; opercular 
bones well developed; symplectic present. Basis cranii simple. 
Mouth small and toothless, inferior, surrounded by thick, fringed 
lips. Four branchiostegal rays. Head and body entirely covered 
with small spiny scales. Praecaudal vertebrae with strong 
parapophyses, to the extremity of which slender ribs and epi- 
pleurals are attached. Ho postclavicle. Pectoral fins inserted 
low down, folding like the ventrals; latter with 10 rays. 



Fig. 347 . — GonorhyncMis greyi. J nat. wze. (After Valenciennes.) 


The single existing species, Gonorliynclms greyi, is charac- 
terised by an elongate, cylindrical body, a pointed projecting 
snout bearing a single barbel, short dorsal and anal fins, the 
former opposed to the ventrals, and the gill-membranes broadly 
attached to the isthmus. Teeth are present on the pterygoid 
and hyoid bones. Ho suborbita larch. Vertebrae, 45 + 20. Air- 
bladder absent. Its distribution is a very wide one, the species 
being on record from the coasts of the Cape of Good Hope, 
Australia, Hew Zealand, and Japan. 

The genus Notogonms, from the freshwater Eocene beds of 
France and Horth America, has been referred to this family 
by Cope, and has been shown by A. S. Woodward to be closely 
related to GonorliyncliuB, differing only in the absence of teeth 
on the palate and tongue, and in the more forward position of 
the dorsal fin. The genus Gharitosomus, with several species 
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from the Upper Cretaceous of Westphalia and Mount Lebanon, 
has also been included m this family, but the precise shape and 
charactei of the scales have not yet been ascertained 

Fam 21. Cromeriidae. — ^Margin of the uppei jaw formed bj 
the praemaxillaries and the maxillaiies Supiaoccipital laige 
and widely separating the veiy small paiietals , opeicular bones 
well developed , symplectic absent Basis cianii simple Mouth 
small and toothless, infeiioi , gill -opening iiaiiow Thiee 
branchiostegal rays Body naked. Praecaudal veitebrae with 
pai apophyses 5 ribs and epipleuials slender ISTo postclavicle 
Pectoral fin inserted low down, folding like the ventrals 

A single genus, Cro/?^ma, recently discovered in the White 
PTile In its elongate, naked body and the postenoi position of 
the dorsal fin, it resembles the Galaxiidae, to which it was at fiist 
lefeired But this allocation has proved to be mconect, now that 
the osteological stiuctuie of the minute Pish (only about 30 
mm long) has been woiked out by Swinnerton^ The veitebiae 
numbei 42 to 45 (28 — 30 + 14 — 15) A long, slendei an- 
bladder is piesent 


Sub-Order 2 Ostanophysi. 

All -bladder, if well developed, communicating with the digestive 
tiact by a duct Pectoial aich suspended from the skull , meso- 
coiacoid aich present. Pins without spines, oi dorsal and pectoral 
with a single spine formed by the eo-ossification of the segments of 
an articulated ray The anteiior four vertebiae strongly modified, 
often co-ossified and bearing a chain of small bones (so-called 
Weberian ossicles) connecting the an -bladder with the ear 

This IS one of the most natural gioups of the Class Pisces, 
although its members aie so diversified in outward appearance 
as to have been widely separated in the systems of older authors 
It IS to Sagemehl ^ that is due the credit of having first grouped, 
under the above name, the Chai acmes, the Carps, the Cat-Pishes, 
and the Gymnotids, the relations of which had been realised, 
to a certain extent, by Cope But it was not until the homology 
throughout the group of the ossicula auditus, first described by 
E H Weber in 1820, had been demonstrated by Sagemehl that 
the justification for the course here followed appeared in its full 
1 Zool JaTirh Anat xviii 1903, p 68 ® Morphol Jahrb x 1885, p 22 
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stiength, as such an agieenient in the stiuctuie ol so complicated 
and specialised an appaiatus can only l)e the icsult ot a com- 
munity of descent of the famihes which aie possessc^d of it It 
IS invariably the anteiior four veitebiae tli<it take pait lu the 
support of the Webeiian appaiatus. The hist ^eitebia is much 
reduced, its upper aich is absent and leplaced by the ossicles 
teimed claustrum and scapJmioii^ (the foimei being perhaps 
nothing but the modified nemal aich), which fill in the space 
between the exoccipital and the neuial arch ot the second 
veitebra, the pimcipal piece of the appaiatus, the t)ij.nLs, van- 
able m foim, is lelated to the thud veitebia, ot which it is 
regarded as a modified iib , a fibious ligament extends tiom the 
anteiior extremity of the tri^pus to the scap/num, and in this 
ligament is inseited the fourth piece, the oaUmiion The 
various forms of this sub-order also show a complete agreement 
in the spinal nerves which pass through these ossicles The 
paiietal bones either separate the fiontals tiom the supia- 
occipital or are fused with the lattei 

This sub-order is divided into six families The Chaiacinids 
are the most generahsed, and the others are piobably derived 
fiom them in the manner expressed by the following diagiam — 

Loiicatiidae AsprecUmclae 


Gypnmdae Silundae Gymnohdae 


Ghciracvmdae 

Synopsis of the Families 

I Parietal bones distinct from the snpraoccipital , symplectic present , 
ribs mostly sessile, all or the gieater number of the piaecaudal vertebrae 
without parapophyses 

Mouth not protractile, usually toothed , pharyngeal bones normal , body 
scaly , an adipose dorsal fin often present 1 Gharaamdae. 

Mouth not protractile, usually toothed , pharyngeal bones normal , body 
Eel-shaped, naked or scaly , vent under the head oi on the throat 

2 Gymnohdae 

^ For the nomenclature of these ossicles, cf Bridge and Haddon, Proc Roy Soc. 
xlvi. 1889, p^ 310 
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Moiitli usually more or less protractile, toothless , lower pharyngeal bones 
large, falciform , body naked or scaly , no adipose doisal fin 

3 Cy^nmdae 

II Parietal bones usually fused A\ith the supiaoccipital , symplectic 
absent, body naked or with bony scutes, mouth usually toothed, with 
barbels , adipose fin often piesent 

Ribs attached to strong par apophyses , operculum well developed 

4 Mundae 

Ribs sessile , parapophyses absent , operculum more or less de\ eloped , 
mouth inferioi 5 Lorica'ivicLae 

Ribs sessile , strong parapophyses to the vertebrae , operculum absent 

6 Aspi edimdae 

Fam, 1. Oharacinidae. — Mouth, non-piotractile, usually 
bordered by the piaemaxillaries and the maxillaiies, larely by 
the praemaxillaries only , jaws usually toothed Parietal bones 
united in a sagittal sutuie or separated by a fontanelle , opercular 
bones well developed, symplectic present Pharyngeal bones 
normal, with small teeth Eibs mostly sessile , no pai apophyses 
in the thoracic region , epipleuials and epmeurals, mostly free 
floating Pectoral flns inserted very low down, folding hke the 
ventrals Body coveied with scales An adipose dorsal fin 
often piesent. 

This IS a very generalised type, although perhaps not directly 
derived from the bony Ganoids, as believed by Sagemehl The 
species number about 500, and are confined to the freshwaters 
of Africa and Central and South America The classification of 
the family is still in an unsatisfactory state, but the division into 
the following groups (hardly deserving the rank of sub-famdies), 
although quite provisional, appears preferable to the highly arti- 
ficial arrangement hitherto adopted — 

I No adipose fin 

A Ertthrininae — Carnivorous , teeth strong , maxillary large , gill- 
openings wide , scales cycloid American Macrodon^ Erythnnus, 
Leb%obSfina^ Pyrrhuhna,, Goiynopoma 

II Adipose fin usually present 

B Hydrocyonixae — Entirely or partially carnivorous , teeth strong , 
maxillary well developed , scales cycloid , lateral hne usually nearer 
ventral than dorsal outhne (sometimes only on the tail) African 
SdTCoddceSf Sydfocyon^ BTycona6th%ops^ Alestes^ MwroXestes^ Peterszus, 
American AcestroThynchus, Boulengerella, Acestrorham^hus^ Grenu 
chus, Ghalceus, Brycon, Bryconops^ Bryconodon, Greagrutus, Ghalcinus, 
BrobchychaUmm, Pseudocorynopoma, Stzchonodon, Gastropelecus, Tetra- 
gonopterus, Scissor, Chirodon, Piahucina, Iguanodectes, Aphiocharax, 
Scdw/irius, OligosobTcus, Agonidtes^Pdragouicitcs, L^tctgonicdicSjArf/dcyTtus 
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C Serrasalmoni^al — C iinuoroub, tcclli stiong , bdl} sciiitul, scales 
cycloid American S( i ? asahno^ Myh tes, Myh n % Mifi/n s, ( kx tojn ion 
D IcHTH^OBORiNAF — Gamnoioiib, teeth stiong, iui\illai^ \ei\ snnll, 
nppex ja'w movable, scales eiliitccl Atiiean LttgnathuhthjSj 
ParapliagOj Mtsoho^ ut>, Pluigo, Ichthijohono'-y^ Ntohoi ns 
E XjPHObTOMiNAE — Cainivoioiis , teeth 'vciy small, ma\illiiy lathei 
small , scaleb ciliated Ameiiexn Xij^hoUomu 
E Anostosiinae — H eibivoioiis, eiitiiely oi pii hilly, teetli i\ell de 
veloped m both jaws, maviUaiy\ei> sin ill , gill openingb niiiov , 
scales c}cloid American Anohtomus, Lipo‘)inu6, Gharatuhim^ 
ChonmycteriiSj JSfanostomiib, Natiognatlim 
G Hemiodontinae — P aitiall} lieibivoions , dentition impcifcct, ma\il 
laiy well de\ eloped, scales cycloid Ameiican Htmtodns, Gaeno 
twpis^ Saccodon^ Paiodon 

H Distichodontinae — Entiiely or paitiallj lieibii oious , teeth small but 
well developed , ma\illaiy well dei eloped , scales ciliited Afiican 
NannaetJuopSf Noolcbtas, PistiohoduSj Nannoclmiah^ Xenoclmicn 
I CiTHARmiNAE — Herbivoioiib , teeth minute oi absent, ma\illary 
small, scales cycloid oi ciliated Afiiean Cithminus^ Githandium 
American PiochiLodus^ Giir%7mtm 



The genera m the above sub-famihes are mostly founded on 
the dentition and the extent of the praemaxillary and maxillary 
bones, which are astomshmgly vaiied, as may be seen fiom the 
annexed figures showing the open mouths of a few of the most 
remaikable types. As I have alieady pointed out, the character 
often given as diagnostic of this family, viz the maxillary 
forming part of the oral border, is not absolutely constant , this 
bone IS often much reduced, and it is entirely excluded from the 
mouth in Ichthyoiorus and Neohorus The branchiostegal rays 
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number 3 to 5 onlj\ The fins never bear pungent spines, and 
the ventrals have 6 to 13 rays Barbels are absent. In most 
of the heibivorous forms the brain-case is produced forward to 
the nasal capsule, whilst in most of the carnivorous forms they 



D F E 

Fig. 349 — Open moufhs of Characmidae (After Muller and Tro&chel.) A, 2IaGrod('n 
t'talwra j B, Pmhuima arfjmtina, 0, Brycon faZtaUts ^ D, Chalceus mvgulatus 
E, Sena&almo rhomheus , F, l)ii,tichodAi8 mloticub. 


are separated by an interorbital septum ; but there are exceptions 
to this correlation, and as otherwise closely related genera may 
differ in this respect, I have not been able to make use of the 
character in defining sub-families 

VOI. VTI 2 P 



578 


TELEOSTEI 


CHAP. 


The air-bladder is divided into an anterior and a posterior 
part by a constriction ; the posterior part is the longer, and its 
anterior portion is cellular in Eriftlinnus and Leliasim. Pyloric 
appendages to the stomach, which are constantly absent in the 
Cyprinids, are more or less numerous. An accessory respiratory 
organ in a diverticulum above the fourth branchial arch has 
been observed in Xenocharax Citli annus. 

The appearance and habits of the genera which compose this 
family vary greatly. Some resemble the Cyprinids and are 
mainly vegetarians, whilst others recall Salmonids and Pike. 
Among the most formidable are Eydronjon, the Dogs of the Water, 
or Kelb-el-Bahr of the Arabs, with their powerful jaws with 



Fig. 350 . — Sydrocyon golmth^ from the Congo. nat. size. 


shark-like teeth, visible when the mouth is closed, and which grow 
to the size of the Salmon. The five known species inhabit the Nile 
and the rivers and lakes of tropical Africa. No less ferocious are 
the " Piranha ” or Cariba ” {Sermsalmo) of South America, whose 
bite has been compared to the cut of a razor. They abound in 
some rivers and are much dreaded by people having to enter the 
water, as they fiercely bite ojBf big pieces of flesh as with a pair 
of scissors, and the smell of blood is said to attract them by 
thousands ; they show a great tenacity of life and can remain for 
hours out of the water. Serrasalmo %igsT has been observed by 
Schomburgk to produce a grunting noise in the water. Salminus 
orhignianus, of the Plate River; Dorado ” of the Spaniards, which 
reaches a length of 3 feet, has the predacious habits of the Pike, 
and follows other fishes moving in shoals ; its flesh is much valued, 
although very full of bones, like that of all Characinids. 
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As an example of ph} tophagous types may be mentioned 
the Moon-Fish of the Nile {CitlLa'i%nus geoff'ioy%\ with its feeble 
dentition, deep compiessed body, and falciform doisal fin , it is 
often lepiesented on the monnments of the ancient Egyptians’ 
Fam 2 Gynnnotidae — Mouth non-protractile, bordered by 
the piaemaxillaries and the maxiUaiies, the latter sometimes 
much reduced , jaws usually toothed. Parietal bones united in 
a sagittal suture, oi separated by a fontanelle , opercular bones 
well developed, symplectic present Pharyngeal bones normal 
with small teeth Anterior ribs sessile, the posteiioi inserted 
on trans\eise piocesses , epipleurals and epineuials Body much 
elongate, Eel-like, naked oi scaly , doisal fin absent or reduced 
to an adipose stiip, anal very long, caudal rudimentary oi 
absent,^ ventrals absent Vent undei the head oi at a \ery 
bhort distance behmd the thioat Gill openings nariow 

In spite of then external appearance, these fishes have 
nothing to do with the Eels , they are strongly modified, 
degraded Characinids, as first pomted out by Eeinhardt The 
few genera and species (about 30) aie confined to the fresh 
waters of Central and South Amoiica No fossils aie known 
Eight geneia may be distinguished — 

A A cranial fontanelle , maxillary bone larger than the praemaxillaiy , 
anterioi nostril on the upper sin face of the head , vent below the 
head , body’” scaly ^tornopygus^ Eigenmanma, Sfernarchus^ Eham- 
pho$terna9 chits, Rhcmphidhthys, Steatogmys 
B No oianial fontanelle , maxillary bone very small , anteiior nostril 
on the upper lip , \ ent on the thioat 
a Body scaly Carapus 
h Body naked , an electiic organ Gymnotus 

The mouth is small or very small, and the modifications of 
the snout in the genera Sternarolhus and Rhamphichthys recall 
those noticed among the Mormyiidae. The air-bladder is 
divided into an anterior and a posterior part, united by a slender 
duct® The vertebrae vary m number from 70 {Sternopygus) 
to 240 (Gymnotus) Gymnotus is unique in this sub-order m 
having as many as 8 pterygials (actinosts) to the pectoral fin, 
as in Angmlla 

^ On the anatomy of the Oharacmidae, cf Sagemehl, Morphol Jahrh \ 1885, 
p 102, and xn 1887, p 307, and Rowntree, Tr Linn Soc ix 1908, p 247 
® The end of the tail, when injured, is easily reproduced As m Lizards, the 
axis of the regeneiated part is an undivided calcified tube 
® Cf Reinhardt, Arch f Nature, 1854, p 159 



TELEOSTEI 


CHAP. 


S8o 


The best known member of this faiuily is the so-called, 
Electric Eel (Gymnotus electricus), of the Orinoco, Amazons, and 



Fig. 351. — Outlines of heads, showing shape of snout and position of vent (i’)* A, 
^ernarchus albifrons ; B, Stermrchm nutcrostoma ; C, likiunphustertiarchiis 
curoirobtria j D, Rhwnphostet mtrclnis tamtnilua. 


intermediate river-systems. It grows to a length of 8 feet 
and the thickness of a man’s thigh, and is much feared for the 
electric shocks it is able to discharge. The “ Tremblador,” as 
it is called by the Spanish-speaking inhabitants of the Orinoco 
district, is foimd only in marshes and in comparatively sliallow 
parts of rivers, to the great annoyance of travellers who have 
to ford at such points, beasts of burden being frequently knocked 
down by the electric shock. Specimens have often been ex- 
hibited alive in this country; two brought to London in the 
year 1842, neither of them -weighing more than one pound, had 
by 1848 reached the weights of 40 and 60 pounds respectively. 
About four-fifths of the length of the fish is occupied by the 
tail, which contains the electric organ ; this is formed by modified 
muscular tissue^ and consists of two huge masses, longitudinal 
bands or columns, of cells filled with a jelly-like substance, 
occupying the whole of the caudal region below the vertebral 
column and separated by a narrow median septum; a smaller 
body, of similar structure, extends along each side at the base 
of the anal fin. The whole’ apparatus is supplied with a great 
number of nerves branching from the spinal nerves. The 
electrical apparatus is exercised by the will of the fish, even to 
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a distance, but this faculty is exhausted by continuous employ- 
ment, and IS recovered during repose. Although apparently 
not exempt from exaggeration and fable, Humboldt*s account m 
Ohscrvakons de 7j0ologie, p. 497, is recommended for further 
iiiformatioii on the habits and modes of capture of Gy'ninotus} 
Fam. 3. Cyprinidae. — Mouth usually more or less protiaetile, 
toothless, bordered by the praemaxillaries and the maxillaries, or, 
more frequently by the praemaxillaries only, l^arietal bones 
united in a sagittal suture, or separated by a fontanelle , oper- 
cular bones well developed , symplectic present. Lower pharyn- 
geal bones falciform, subparallel to the branchial arches, pro- 
vided with teeth arranged in one, two, or three series, and often 
remarkably specialised. Eibs mostly sessile , no parapophyses in 
the tlioracic region ; epipleurals and epineurals, mostly free, 
floating Pectoral fins inserted very low down, folding like the 
ventrals Body naked or scaly. No adipose dorsal fin. 

The brain-case is produced forward to the nasal capsule. 
The branchiostegal rays are reduced to 3 , the branchiostegal 
membrane is usually more or less extensively grown to the 
isthmus. The suborbital branch of the sensory canals is usually 
produced on the operculum, as in the Characinidae. The ventral 
rays number 7 to 12, rarely 5 or 6. Pyloric appendages to the 
stomach are absent. 

Freshwater fishes feeding on vegetable substances or small 
animals, and dispersed over the whole world with the exception 
of South America, Madagascar, Papuasia, and Australasia. The 
species are exceedingly numerous, about 1300 being known, 
referable to four sub-families, as proposed by Sagemehl. 

(i ) Catostominae — Margin of upper jaw formed m the middle 
by the small praemaxillaries and on the sides by the maxillaries, 
which are hidden in thick fleshy lips ; no barbels ; pharyngeal 
teeth ill a single row, very numerous, comb-like; air-bladder 
large, divided into two or three parts by transverse constrictions, 
not surrounded by a bony capsule. Mostly from North America; 
two species from China and one from Eastern Siberia Fossil 
in the Lower Tertiary of North America. 

Principal genera* — Sclerognathus^ Carpiodes, Oatosto'mus, Moxo-^ 
stoma. 

^ For the anatomy and physiology, cf. C Sachs’s posthumous work, Untersuch- 
ungm am Zitteraal, edited by E du Bois-Reymond (Leipzig, 1881). 
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(ii.) Cyprininae. — M axillaries not bordering the mouth ; bar- 
bels absent, or one or two pairs; pharyngeal teeth in one to 
three rows, in small number, often very large, and working 
against a sclerous plate attached to a ventral process of the basi- 
occipital, which extends under the anterior vertebrae. Air- 
bladder usually large and divided into an anterior and a posterior 
part, rarely tripartite, not surrounded by a bony capsule. The 
great bulk of the family, represented in every part of its range. 
Eemains of several of the existing genera have been found in 
Oligocene and later beds of Europe, Sumatra, and North America. 

Principal genera: — Oy primes, Gailocarpioy OsteocliiluSj 

Labeo, Disco gnatlius, PsLlorliynclhus^ GnpoetayBarhus, Gohio, Pseudo- 
gobiOy Sawogolio, Bliinogobio, Oreinus, ScMzotJiomXy Pti/chobarhuSy 
GymnocypriSy DiptychuSy AuIopygCy GeratichthySy PimephaleSy Cam- 
postomay GochlognatliuSy Exoglossuiriy Meda, Lepidomedny BhinicJi- 
thySy BoMeichtliySy LeptobarlniSy BasborcCy Luciosomay Nmda, Am- 
llypliaryngodo'iriy Gypriniony SemiplotibSy XenocypriSy LeucisciiSy 
Tincay Leucosomusy Chondrostomiay AcliilognatliuSy BliodeuSy DaniOy 
PteropsarioThy HypophtlialmichthySy AhramiSy KematabramiSy 
AspiuSy LeucccspiuSy AlburnuSy Parilm% Boltiy Neobolay Ghelae- 
tliiopSy Ghelay GuUeVy PelecuSy PampelecuSy GacliiuSy OpsariicMliySy 
ScombrocypriSy SgualiobarbuSy Luciobmma. 

(iii.) CoBiTiDiNAE. — Maxillaries not bordering the mouth; 
barbels three to six pairs ; pharyngeal teeth in one row, in mode- 
rate number. Anterior part of the air-bladder divided into a 
right and left chamber separated by a constriction, and enclosed 
in a bony capsule, the posterior part free, or absent. Loaches, 
characterised externally by a low, elongate body, without or with 
minute scales. Europe, Asia, Abyssinia. Miocene of Oeningen. 

Principal genera : — Botia, Lefua, Diplophysdy PfemacMluSy Mis- 
gurnuSy GobitiSy LepidoceplicdicMhySy AcanthoplithdlmuSy Evcir- 
rhichthySy Apua, 

(iv.) Homaloptebinae. — ^Maxillaries not bordering the mouth, 
which is inferior ; barbels three or four pairs ; pharyngeal teeth in 
one row, in moderate number. Air-bladder rudimentary, divided 
into two lateral halves, encased in a bony capsule. Mountain 
forms with depressed head and horizontally expanded paired fins. 
China, India, Further India, Malay Peninsula and Archipelago. 

Genera : — Momcdopteray JSelgiay GlaniopsiSy GastroTnyzon. 

The recently described GyrinocMluSy from Borneo, resembling 
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Eomalojptem m habit, with two gill-clefts on each side, an upper 
and a lower, a tadpole-like mouth without barbels, and a small, 
free air-bladder, should piobably be regarded as the type of a 
fifth sub-family. 

Many of the genera of the Cyprininae are partly founded on 
the shape and the disposition of the 
pharyngeal teeth, which, adapted to 
various requirements, may be conical, 
hooked, spoon-shaped, molariform, eta, 
etc. The importance attached to the dis- 
position of these teeth in one, two, or 
three series for the definition of genera, fig. 352 —Lower piaryngeais of 
has been rather exaggerated,^ tropi^oUipis 

The Cyprinids constitute the majority of the freshwater fishes 
in Europe, Asia, and North America; they are comparatively 
few (about 100 species) in Africa, where they coexist with the 




Fig, 358. — Laleo faldfer^ from the Congo, showing nuptial tubercles on the snout 

J nat. size 


Oharacinids. Some, like the Carp {Oy'prinus carpio) and the 
Tench (Tinea mlgaris), are sluggish, except during the breeding 
season, when they show great excitement and indulge in leaps 
out of the water ; others, hke the Bleak (Alburnus lucidus) are 
constantly on the move in large shoals near the surface ; whilst 
others again, like the M'Biriki of Lake Tanganyika (Barbus 
tropidolepis), behave after the manner of Salmon and Trout, 

^ For an illustrated account of the principal types of pharyngeal teeth, of, 
Heckel, Eimegger^s Meisen, i. p. 1001, pi. i. (1843) On their variations in certain 
European species, cf. Heincke, LeueJeart Festschrift^ p. 86 (1892). 
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travelling long distances, against rapids and over waterfalls, to 
reach their breeding places at the heads of rivers. During the 
breeding season, the males of many species assume a more 
brilliant livery, or develop peaii-like or spiny excrescences on 
various parts of the head, or also on the body and fins ^ C^yprinids 
are oviparous, with the exception of a small llarbel from I^atal, dis- 
covered and described by Prof. Max Weber as JJarbun vivipto'us. 

A most striking instance of symbiosis is ofiered by a little 
Carp-like fish of Central Europe, the ‘‘ TUtierling ’’ {Modem 
amcmis). The genital papilla of the female ac^^uires a great 
development during the breeding season, becoming ])3*odueed into 
a tube nearly as long as the fish itself; by means of this ovi- 
positor the comparatively few and remarkably large eggs, measur- 
ing 3 millimetres in diameter — the fish being only GO to 80 
millimetres long — are introduced through the gaping valves, 
between the branchial laminae of pond mussels {Unio and 
Anodonta) where, after being inseminated, they undergo their 
development, the fry leaving their host iibout a month later, 
ha\dng attained a length of 10 or 11 millimetres.'-^ The mollusc 
reciprocates by throwing off its embryos on the parent fish, in 
the skin of which they remain encysted for some time, tlie 
period of reproduction of the fish and mussel coinciding. 

Some members of this family grow to a very large size, — 4 to 
6 feet ; such is the case with the Carp, a native of Asia, intro- 
duced into England towards the beginning of the seventeenth 
century ; the Catla {Gatla hncJiananl) of India, Burma, and Siam ; 
the Maliaseer {Barhis 'mosal) of the mountain streams of Asia, 
the scales of which may he as large as tlie palm of a band ; and 
Hypojphtlial midi til ys onolitrix of China and Manchuria, remark- 
able for the low position of the eyes, the fusion of the gill-rakers 
into thin plates of spongious appearance, which must act as a 
most efficient sifting apparatus, and the presence of an involuted 
problematic superbranchial organ to each branchial arch.^ 

Among well-known aberrations produced by artificial selection 
may he mentioned the Leather Carp,” a race in which the 
scales are either lost or much reduced in number, and enlarged 

^ Of. Bandelet, Ann. Sci. Nat. (6), vii. 1867, p. 339, and Leydig, ‘‘Unteis. 
Aiiat. u. Histol. d. Thiere ” (1886). 

® Of. Zool. Qart. 1869, p. 257, and 1877, p. 361 ; Olt, ZeitschT. wiss. ZooU 
Iv. 1893, p. 543 ; Cu4not, JBidl. Soc. Zool. France, 1698, p. 53. 

^ Bonlenger, Ann. and Mag. Nat. Mist. (7), viii. 1901, p. 186. 
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along the lateral line and the hick, and the Gold-Fi&h, a \aiiety 
of Cypinub taiabsius, lemaikable for its golden 01 hiight led 
coloni, 01 its pel feet albinism, as ^vell as its monstrous foim the 
Telescope Fish, with enoiinously projecting eyes, and enlaiged, 
hoii/ontally spiead caudil This famil} has also yielded 

numerous moie 01 less well-established examples of hybridism, 
congeneiic and digeneiic, oiiginally described as distinct species, 
the pioduce of which is believed to be in some cases fertile foi 
at least one geneiation 

The ciystalliiie silveiy colouring mattei of various Gyprinids 
IS said to have been employed fiom time immemoiial foi orna- 
mental purposes by the Chinese The well-known and impoitant 
industiy of “Essence Oiientale” and artificial pearls, earned on 
in France and G-eimany with the scales of the Bleak, was not 
intioduced lioforc the middle of the seventeenth centuij- 



Pig 354 — Pond Loacli [Mibg^irnus fissiUs) with lower \iew of month natural size 

The Loaches, Cobitidinae, which form a v ery natuial sub-family, 
aie small fibhes, few species gi owing to a foot in length, mostly 
living in small sti earns and ponds Many delight in the mud 
at the bottom, in which they move like Eels In some cases, the 
bianchial lespiiation appears to be insufficient, and the intestinal 
tiact acts as an accessory breathing organ The aii-bladdei, 
which IS paitially encased 111 a bony capsule, may be so reduced 
as to lose its hydrostatic functions and becomes tiansformed into 
a sensoiy oigan, its outei exposed surface being connected with 
the skin by a meatus between the bands of muscle, and convey- 
ing the thermo-barometiical impressions to the auditory nerves , 
hence the name of ' Wetterfisch,” by which Loaches are known 
111 some parts of Geimany 

The Homalopterinae are more 01 less peifectly adapted to life 
in rapid streams, the most lemarkable in this respect being 
^ V\ata'se, Jomn Coll Sci Japan^ i 1S87, p 247 
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Gastromyzon of North Borneo, in wiiieh the jun*toral and ventral 
fins are much expanded to form, with tla* htdly, a snekor l>y 
which the fish adhere to the stones of nKaiutain torrents, showinif 
a remarkable analogy to Exodoma uiiiong tlu' Siluridsd 



Fig. 355 . — Gastmmjzon vt‘iitral viow, imtnral suj*, 


Pam. 4. Siluridae.— Mouth aon-protriictilc, luinloivtl hy the 
praemaxillaries and the maxillarios, or hy (Ii(> praomaxillurica 
only, the maxillaiies being often rudiiuontary uinl s\iiijiorting the 
base of a barbel; jaws usually tooliied. Parietal holies \isually 
confluent with the supraoecipital, forming a single large, plate 
(parieto-occipital) ; syinplectic and Kubopei’euluin absent. Plia- 
ryngeal bones uomal, with small teeth. Ilihs atlaelied to the 
lower sux-face of long parapophysos ; epipleuruls uhaeiit. Pectoral 
fins inserted very low down, folding like tlie ventrals. often ariiu'd, 
like the dorsal, with a strong bony spine. Pxtdy miked or with' 
bony plates. An adipose dorsal flu often present. One to four 
pairs of barbels. 


The skuE and the opercular appai-atus show a reduetion in the 
number of elements as compared with the Oharaeinids and 
ypnnids, such as the absence of tho metapterygoid, the often 
rudimentary, rod-like condition of the palatine, and the fusion of 
the parietals with the supraoceipitaL‘-= Tho scapular arch is 
solidly united to the skull and is often very massive, and the 
occiput may be connected with the base of the dorsal lin by a 
buckler formed hy the expansion of the first and seeoud inter- 
neural bones. The pterygials or supports of the jiee.toiul rays 
are large and reduced to two or three.^ Teeth are rarely present 

p. 489.“ Cyprinids, of. Sagemehl, MorjM. M,rb. xvU. 1891, 

a “Poissons du Bassin du Congo,” p. 238 (1901). 

condition oh3!rirtio^o"tL“^^^^^ 
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on the maxillary hones (Bi'plomyBUs, Mdro^niclithys), being 
usually confined to the praemaxillaries and deiitanes ; they often 
occur on the palate. The branchiostegal rays vary from 4 to 
17 . The lips are sometimes much developed, and may form a 
sucking disk, as in JEucliihchthys and JExo stoma As in the 
Cyprinids, the pungent spines which may arm the fins have 
nothing in common with the true spines of Acanthopterygians , 
they result from the co-ossification, with age, of successive articles , 
but, contrary to the condition in the Cyprinids, the axis of the spine 
IS single, not double. The ventral rays vary from 6 to 16, 6 being 
the most frequent number Some of the exterior vertebrae may 
be solidly fused together, and also with the occipito- nuchal 
buckler. Prof Eamsay Wright^ has shown, by a study of the 
development, that the complex which follows the first vertebra, 
which is more or less rudimentary, if distinct, represents the 
fusion of the 2nd, 3rd, and 4th vertebrae, without even nerve- 
foramina denoting its compound origin ; the first, strongly 
developed, transverse process represents that of the 4th vertebra. 
The air-bladder is usually large and trilocular, but additional 
septa may greatly complicate its structure, and external diverticula 
may also exist it may be more or less reduced and entirely or 
partially enclosed in a bilateral bony capsule formed by the 
transverse processes of the vertebrae, and sometimes {Nemato- 
genys) ankylosed to the skull In a few genera, hke Cetopsis, the 
air-bladder seems to be altogether absent * it is reduced to two 
small oval sacs encased in the large compound anterior vertebra. 
As in Loaches, the air-bladder is often in immediate contact with 
the skin behind the shoulder-girdle. The intestinal tract may 
be simple and short (carnivorous forms) or extremely long and 
convoluted {GalUcMhys) ; as m Cyprinids, pyloric appendages are 
absent. 

Cat-Fishes, as Silurids are usually called, are a large family 
embracing some 1000 species, spread over the fresh waters of all 
parts of the world, but mostly from between the tropics.^ Only 
a few are marine {Plotosus, Arius, GcdeicMTiys), 

This family may be divided into eight sub-families 

^ Proc. Canad, Inst (2) 11 . 1884, p 376. 

2 Of Bridge and Haddon, Phih Trans E Soc. clxxxiv 1893, p. 65. 

^ The absence of these fishes from the United States west of the Rocky Mountains 
is very remarkable. Amturus nehulosus was introduced about 1877 into some parts 
of California, where it is said to be now excessively abundant. 
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(i.) Olaiitinae. — D orsal and anal fins voiy long, extending to 
the caudal ; gill-inemhranes free, or narrowly united to the 
isthmus. Asiatic-Africaii genera: Chirhi^, Ilcft'vohrtnuh iis, PIq, 
tusus, Asiatic- Australian : Copidof/haus. Asiatic: Cranoglam^ 
African: Clariallahrs, ulllaheneJitltfs, Oumnallahei^, Cliaymalahes, 
Australian : On i dogJ a n is. 

(ii.) SiLTJiiiNAE. — Dorsal fin very short or absent, anal very 
long; gill-membranes free. Europaeo-Asiatic : ^"^ilurns. Asiatic: 
tiiliirodoiif Silimc/ithgs, SaccohrandniSj Wall ((go, JModontkhthjB, 
Crgptopterus, Ccdhclirous, EemisiluTUs, AiJiichtJnjs, Ailia, AcMU 
Uclithys, Lais, Pseudentrojni/s, Pangasius, Osf( ogoniosns, Seli- 
Gophagvs, Sihndw. AfriccUi : JEufrophis, ScJii/hc, Hilnranodon, 
Physailia, Par ail ia. Australian : Evmeda, Keosihirus. 

(iii.) Bagrinae. — D orsal fin sliort, followed by a more or less 
elongate adipose fin ; anal short or moderate ; gill -membranes 
free. Asia, Africa, America, Australia: Arias. Asia and 
America : Amiurm. Asiatic : Ifacrones, Pscadolmgrus, Liovassis, 
Bagroides, BagricMhys, Pdta, AcrocJi ardor itdifJiys, Acysis, Olyra, 
Eemipimelodus. African : Bagrits, Clnrofcs, Chrysichfliys, Gephyro- 
glanis, Auclienoglanis, Eotoglamdiiwi, AropJoptenis, Galeichtliys. 
American: Piplomystes, Paradiplomysfe% Aclurichthys, Genidens, 
Xoturus, Oallophysus, Pimelodus, Pimdodina, Ka7wg(anis, Hepta- 
pferus, Nematogenys, Pariolius, Pirhiavipxis, Conorhynchm, Noto- 
glanis, Callopliysas, Sornbwi, Piramtifam, JBa(jropsis, Sciades. 
Australian: Nedystoiaa, Paoliyula. 

(iv.) Doradixae. — A short-rayed dorsal fin and nii adipose, the 
latter sometimes replaced by a second rayed dorsal ; anal short 
or moderate ; gill-clefts more or less widely interrupted below. 
African : Synodo/itls, Oliiloglanis, AtopocMliis, Ei(cliilichtliys, 
MocliOGUs, Doumea, PhraGtura, Parapdbractura, Andersonia, 
TracJiyglanis, Belono glanis. Asiatic: Bag arms, Oly^dostcrmm, 
Gagata, PsGwdecheneis, Exostoma, Bisor, Breiteoistei/iia, Sosia, OlioGa. 
South American : Doras, Oxydoras, Leptodoras, Physopyxis, 
Glanidium, GentromocMus, W&rtlheimeTia, Getopsis. 

(v.) Malopterurinae. — N o rayed dorsal fin, an adipose ; anal 
short ; gill-clefts interrupted below. African ; Malopterurus. 

(vi.) Callichthyinae.— D orsal, anal, and adipose fins short; 
body completely cuirassed; praemaxillaries much reduced, the 
border of the upper jaw formed 'mainly by the maxillaries. 
South American : CallicMliys, Gorydoras. 
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(vii) Hypopiithalminae — Dorsal fin short, behind the ven- 
trals, anal long; gill-clefts wide or inteiTupted below South 
American : Agemosus, Tmchelyojpteo‘us, Aucliempteras, Upaptervs, 
TetranemaUclitlujSj Hyi) 0 ][)lhthahnus, Helogeiies 

(viii ) Trichomycterinae. — Dorsal fin short, far back, behind 
the ventrals , no adipose fin , anal short ; operculum and inter- 
operculum armed with erectile spines South American 
Tricli omycterus, JSreinophilus, Stegojghilus, Vandellia, Acan- 
tho^oma, 

Om' knowledge of the distribution in time of the Silunds 
IS still very scanty, and throws no light on the derivation of 
the group. Anus, and two genera apparently related to 
it, JRhineaster and Buchlandium, have left remains in the 
Eocene of Europe and North America, and traces of various 
recent genera have been found in later Tertiary deposits 
in Europe, Asia, and North and South America. 

The habits of the Silunds are extremely diversified, and 
the shape of the body varies accordingly The body .may be 
very short and the head enormous and excessively depressed, 
for instance in the Indo-Burmese Clictca lo^plnoides, which, as its 
name implies, resembles the Fishing-Erog or Angler , stout and 
OoUits-likQ in some South American rimelodus ^ Loach -like 
in Tnchomycterus and Stegoi^liihis ^ more or less Eel-shaped in 
Chinas and its allies, etc ; the extreme of slenderness obtains in 
the African GhannaUibes, the body being excessively elongate 
(over 100 vertebrae), the ventral fins absent, and the pectorals 
rudimentary or absent. Among other remarkable forms may 
be mentioned the Indian Sisor, which resembles Asjpredo, and in 
which the upper caudal ray is much thickened and greatly 
prolonged , Pseudecheneis, living in rapids of the Himalayas and 
Khasia hills, provided with a transversely plaited ventral disk 
between the pectoral fins ; the African Fhractura and Anden 
soma, resembling Lorioaria; and the likewise African Belonoglanis, 
comparable to a Needle-Eish The spines which so frequently 
arm the dorsal and pectoral fins may be barbed or serrated, 
and constitute formidable defensive weapons; in the South 
American Ageniosus valenciennesi, the maxillary bone is trans- 
formed into a strong, barbed, erectile spine, replacmg the 
barbel. Stings of even the smaller Cat-Eish are at least 
as painful as that of a bee, and this is probably due to some 



590 


TELEOSTEI 


CHAP. 


poisonous property of the dermal secretion of the Fish. Cope 
believed an orifice at or above the axil of the pectoral fin in 
Noturus to be the opening of the duct of a poison-gland; "'from 
it may frequently be cliawn a solid gelatinous style ending in a 
tripod, each limb of which is dichotoinously divided into short 
branches of regular length.” I think this condition of things 
has nothing to do with a poison-organ, and is merely a repetition 
of what is observed in Loaches and in the Uharacinid JCeno^ 
chamx, where I have found a gelatinous substance filling the 
short duct by which the membrane of the air-bladder is placed 
in communication with the skin and the sensory organ of the 
lateral line. Most Silurids can live in very foul water, taking in 
air fiom the surface, and spend a comparatively long time out of 
the water, without being possessed of any special apparatus for 
atmospheric respiration. A few genera, however, are provided 



Fig. 356. — Harmout, Glarim anguUlaris (after Volencieroies). J nat. f>ize. 


With an accessory breathing organ : in Glarias, Heterolmnclms, and 
allies, there is a dendritic superbranchial organ, in Scwcobraihohm 
a long air-sac, extending from the first branchial cleft along the 
side of the body, as described above, p. 295 ; and these Fish can 
live for days on land. Glarias lazerct has been observed, in Sene- 
gambia, to spend several months of the dry season in burrows, 
from which it emerges at night to crawl about in search of food. 
Many Silurids, but especially Doras and Synodontis, are known 
to produce sounds in and out of the water by means of a special 
mechanism of the air-bladder and the processes of the vertebrae 
above it, combined with the movements of the pectoral spine 
grinding in the glenoid cavity.^ In South America, Doras has been 
observed to move rapidly on land, projecting itself forward on the 
pectoral spines by the elastic spring of the tail, travelling long 
journeys over land, from one drying pond to another, spending 
whole nights on the way ; these migrations sometimes take place 
1 Cf. Sorensen, O. R Ac. Sci. Ixxxviii. 1879, p. 1042, and “ Lydorgane hos Fiske ” 
(Copenhagen, 1884) ; Bridge and Haddon, RR8. Iv. 1894, p. 439. 
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m ntimerous bands, baskets of the small I'lsb being filled by 
tLTdians who come across them^ The Afucan 
are much m the habit of floating or swimming eisurely on the 
f .A wWh the belly in the aar, as was well known to the 

this anomalous position. A curious fact m connexion wmn 
this habit is that S memhramcem and S. latensoda, m wii 
It has most freciuently been observed, show an inversion of 
ordinary mode of coloration, the lower parts being dark brown 



Fig Z^ 7 —SynodQnUs decorns, from tlie Congo 


^Tiat size. 


or black and the upper pale silvery grey. The electnc Cat-Tish 

IS «J»> a Mtivs ot Ata. 

I™ L tropml parts ot tot oontoeo «d ^ 

"NT lie ffrowinR to fit length of three t 

JSiie, growl g 8 ^ ^ g^.yo^(jg light and is slow 

esteemed than that ot other auunos. nhsolutelv 

in its movements. The dectocal apparatus differs absolut y 

So^tot oHu oth» lishe., teiBg from to 

beloBoino to to glandolat sjstoin. and aumnmdmg to who 
S^wiS. a thiok^oat ot g»^ or gdatoo™ 

iduti: — — " 

2 The sholis given by Malopterur^ are very powerful, and 

the Fish is called “Eaad” by the jtt rf'Se 

“ thunder.” Kept in an aquarium with other Fishes, e 

same species, the “Faad” soon kills its compamons. 

1 Of. Hancock, 2ool. /oam ij. ?Jf-j j/owttrvms" (Leipz^, 1887) ; E. 
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In tins family the eggs and young aie usually looked after by 
the parents. Aristotle observed that the male of the European 
Silurus glanis watches over and defends the eggs. In one of 
the commonest North American Cat-Eishes, ^tniurus nelndosus, 
a species which has been largely introducc'd into some parts of 
Europe of late, now thriving in many ponds and more or less 
polluted streams of the Continent, the eggs are deposited near 
the banks of weedy ponds and rivers without currents, in con- 
cealed places beneath logs, stumps, or even in pails or other 
receptacles, failing which both parents join in excavating a sort 
of nest in the mud, a work often requiring two or three days of 
incessant labour. The male watches over the eggvS, and later 
leads the young in great schools near the shore, seemingly caring 
for them as the hen for her chickens.^ The Dtmts and the 
Gcdhchtliys of South America, according to Hancock and Vipan,® 



Fig. ^^S.—CalU(JLthy<i httoralh% from South America, g uat size 


build regular nests of grass or leaves, sometimes placed in a hole 
scooped out in the bank, in which they cover their eggs and 
defend them, male and female shaiing in this parental duty. In 
the likewise South American Gory dor as (Calhchthys 'ptdmius), as 
observed by Garbonnier,^ a lengthy courtship takes place, followed 
by an embrace, during which the female receives the seminal 
fluid in a sort of pouch formed by the folded membranes of her 
ventral fins ; immediately after, five or six eggs are produced and 
received in the pouch, to be afterwards carefully placed in a 
secluded spot. This operation is repeated many times, until the 
total number of eggs, about 250, have been deposited. In 

^ Cf. Eyclesliyiner, Aumr, Nat 1901, p. 911. 

^ Zool. Journ. iv. 1829, p. 245. P.Z S. 188^, p. 330. 

^ Bull, Soc. Zool. France, 1880, p. 288. 
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accordance with these pairing habits, the pectoial spines of the 
male, which are used in amplexation, are longer and stronger 
than those of the female. These Fish are monogamous, and Ijoth 
parents remain by the side of the nest, furiously attacking any 
assailant. Dr II Semon ^ has made observations in Queensland 
on the habits of Anus australis, which builds nests in the sandy 
])ed of the Burnett Eiver. These nests consist of circular basin- 
like excavations, about 20 inches in diameter, at the bottom of 
which the eggs are laid, and covered over by several layers 
of large stones. A still more efficient protection is afforded 
their progeny by the marine and estuarine species of Armisf 
Gale wh thy 6,^ and Osteogeniosns^ the male, more rarely the female, 
carrying the eggs in the mouth and pharynx , these eggs, few in 
number, are remarkably large, measurmg as much as 17 or 18 
millimetres in diameter in Arms commersonh, a Fish of three or 
four feet in length. According to Babuchm, Mcdojpterur'iis also is 
said by the Nile fishermen to shelter its fry in the mouth. 

Some of the Silunds attain to a very large size. Among these is 
the type of the family, Silurus glams, the Weis ” of the Germans, 
its only European representative, which occurs over a great part of 
Europe, but is absent from the British Isles, France, the Spanish 
Peninsula, and Italy. It is most abundant in the Danube basin, 
where it sometimes reaches a length of 10 feet or more and a 
weight of 400 lbs. It is the largest strictly fresh-water Fish of 
Europe. Among the smallest species, we have to mention the 
"'Candiru” of Brazil, Vandelha cirrliosa, 60 millimetres in 
length and 8 or 4 in diameter, which is believed to enter and 
ascend the urethra of people bathing, being attracted by the urine , 
the Fish, having once made its way into the uiethra, cannot be 
pulled out again, owing to the erectile spines which arm its gill- 
covers. The natives of some parts of the Amazons are in great 
dread of this Fish, and protect themselves when entering the 
water by wearing a sheath formed of a small, minutely-perforated 
cocoanut-shell suspended from a belt of palm-fibres.® According 

^ Zool Forsch. Austral v. ii. 1895, p. 273 See also Wyman, Amer. Journ, 
Sci (2) xxvii 1859, p 12 , Hensel, Arch. /. Nat. 1870, p 70 , Turner, J. Annt. 
and Fhysiol i 1867, p. 78. 

2 Cf. H V. Ilienng, Biol Oentralll vm. 1888, p 298. 

® Cf. Boulenger, F.Z S 1891, p 148 ^ Cf Day, Fish Ind. 1878, p. 456. 

® Cf. Boulenger, F Z.S 1897, pp. 901 and 920 ; Jobert, Arch, de Farusitol, i. 
1898, p. 493 
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to Eeinhaidt^ the allied Stcgoj^hihis 'i7i6uhosi(s, a small colour- 
less Tish, 30 to 40 mm lun^, fiom Biazil and Aigentme, lives 
parasitically in the giU-cavity of lai^e Cat-Eishes (riatT/stomu) 
Di r Silvestii has noticed that it sucks tlie blood in the 
gills of Platystomt m uscans, a biluiid glowing to a length of 
6 feet 

Fam. 6 Loricariidae. — ^Distinguished fioin the pieceding by 
the sessile iibs and the absence ot the tiansveise pioce&ses in the 
piaecaudal veitebrae, which have bihd neuial spines The air- 
bladdei is alwajs much i educed, and enclosed in a light and a left 
bony capsule foimed by the skull and the anteiioi \ eitebiae Gill- 
openings nairow clefts The mouth is inleiiui, with moie oi 



Tig 359 — Upper view of heads of Cliaetostomus cirthosus, male and female (Nat size ) 


less developed circulai lips and feeble dentition , it is used as a 
sucker, by which the Fish fixes itself to any haid object with such 
stiength that it cannot be pulled off without gieat difficulty 
The teeth are usually slendei and bicuspid The food consists of 
very small prey and more or less putiefied organic substances, 
the intestine being usually extremely elongate and much con- 
voluted The habits of these Fish are very little known, hut the 
fact that the males of many species have the pectoral fins much 
stronger than the females renders it probable that they pair like 
^ Vidensk Meddel (Copenhagen) 1858, p 79 
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Callichtliys There are other sexnardifferences in many species 
of Plecostomus, ChaetoUomus, and Loricaria, as the presence of 
dermal tentacles on the snout (see Fig. 359), or of hair-like 
bristles on various parts of the head and fins in the males, which 
are usually of larger size. 

About 200 species are known, all from the tropical and sub- 
tropical parts of Central and South America The largest species 
{Chaetostovius gigas) measures 2-|- feet , many are of very small 
size^ The genera may be referred to two sub-families . — 

(i.) Arginae. — Body naked , ribs strong. Arges, Stygogenes, 
AstroVle^us, 

(ii.) Loricariinae. — Body cuirassed by bony plates ; ribs very 
slender. Plecostovius, LipoBorcus^ Cliaetostomus, CoMuodon, 
FterygoplicMliys, Bliinelepis, Acanth'icus, Otocinclus, JSypopto- 
poma, Loricar^a, Acestm. 



Pig 300 — Acestra gladius, from the Jurua River, with upper and lower views of 
head and trunk. nat. size ) 


The “ Prenadillas ” of the Andes, Arges and StygogeneSj were 
believed to live in subterranean waters within the bowels of active 
volcanoes, and to be ejected with streams of mud and water during 
eruptions, a story that has been repeated by Humboldt. The 
fact is that they live in small torrents at great altitudes (up to 
10,700 feet), and are swept down during periods of disturbance 
caused by the eruption of the volcano.^ The members of the sub- 
family Loricariinae vary much in the shape of the body, which 
may be short and stout, or more or less slender, the extreme in the 
latter respect being attained by the species of the genus Acestra. 


^ A monogi’aph of these Fishes, by Mr. C T. Regan, will shortly appear in the 
Transactions of the Zoological Society . 

^ Cf. Montz Wagner, Ahh. AJcad. Mdnch. x 1866, p. 101, and Whymper, Tran. 
Andes Ecuador ^ 1892, p. 251. 
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Fam. 6. Aspredinidae. — This family is also closely related 
to the Siluridae. The ribs are sessile as in the Loncariidae, but 
inserted very low down on the centra, which higher up bear 
strong transverse processes. The opercular bone is entirely absent. 
The gill-opening is reduced to a foramen in front of the pectoral 
fin. The head is extremely depressed and the mouth terminal; 
the tail is very slender ; the body is naked. The air-bladder is 
large and free, the intestinal canal short. Four genera from 
South America : Asprcdo, Bunoce^^hahis, Bicnoci^phalicJiihjs, 
Dysiclithys. Species 18. Asprcdo, of the Gruianas, the largest 
form, reaching to about a foot in length, is remarkable for the 
manner in which the female carries her eggs. The skin of the 
lower parts assumes a spongy condition about the breeding 
season, and the eggs, after being deposited, become attached to 
the lower surface of the head, belly, and paired fins, forming a 
single layer ; each egg becomes connected with the skin of the 
mother by a cup-shaped, pedunculate base, supplied with blood- 
vessels and coated with a layer of epithelium, the formation of 
which is still unexplained.^ 

^ Cf. Wyman, Amcr. Journ. Sci. (2) xxvii. 1859, p. 9, and Vaillant, C. H.Ac, Sci 
cxxvi. 1898, p. 644. 
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TELEOSTEI {CONTINUED )• SY3IBEANCHII — ABODES — HAPLOMI — 
IIETEEOMI — CATOSTEOMI — PEECESOCES — ANACANTHIiTI 

Sub-Order 3. Symbrauchil 

Eel-shaped Fishes without paired fins, with the pectoral arch 
free or suspended from the skull, and with the anterior vertebrae 
distinct, without Weberian ossicles. Gill-openings confiuent into 
a single, ventral sht. Air-bladder absent. 

The structure of the skull conforms to that of typical Malaco- 
pterygians. The praemaxillary and maxillary are well devel- 
oped, the latter placed behind the former, and forming but a very 
small part of the oral border; the symplectic is present; the 
parietals form a long sagittal suture, and separate the frontals 
from the supraoccipital. The vertebrae are very numerous, the 
praecaudal bearing very strong parapophyses, to which short, 
slender ribs are attached. The skin is naked (Symbranchidae) or 
covered with minute scales (Amphipnoidae), and the vertical fins 
are rudimentary, reduced to mere dermal folds. 

Like the Apodes, which tliey resemble in general appearance, 
these Fishes are no doubt derived from some low type with 
abdominal ventral fins, but whether from the Malacopterygii 
or the Haplomi we have as yet no data from which to conclude. 
Only two families are known. 

Fam. 1. Symbranchidae. — ^Post-temporal well developed, 
forked, attached to the skulk Inhabitants of the fresh or 
brackish waters of South-Eastern Asia, Tropical America, Australia, 
and Tasmania. Three genera are known; Symlranehits, with 
two species from India and the Malay region, and one from 
Central and South America ; Ifonoptens, with a single species 
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from China, Japan, and the Malay region ; and Olulohrctnclnis, 
with two species from Australia and Tasmania. Although the 
South American Symibranchus has heen observed to live in 
marshes which periodically diy up, the Fish burying itself in the 
mud like a Lepidosiren, the branchiae are fully developed on 
the four branchial arches. In Mono;pterus, of similar habits, the 
branchial laminae are rudimentary, and on three aiclies only. No 
accessory breathing organ is known to exist. 



pop ir 


Fig. 361 — Monopterus jaiunensis. Lower view of head, showing gill-openxng (qo ) : lower 
view of middle praecaudal vertebrae : and side view oi sknll and pectoial arch, 
a? , Articular ; h/, branch lostegal rays; Jra, branchial arches ; d, clavicle ; d, dentary; 
eof^ epiotic; eth, ethmoid; /, fiontal; hyomandibular ; mteropeiculum, 
m, maxilla ; mpt, metapterygoid ; % nasal , op^ operculum ; parietal ; 2>m, prae- 
maxilla ; pop. piaeoperculum ; ppt^ pterygopalatine; ptU, post - temporal ; 
q, quadrate , scZ, supra-cla\icle ; io, supra-occipital ; sop^ subopcrculum ; sq, squa- 
mosal , sy, syraplectic. 

Fam. 2. Amphipnoidae. — Post-temporal absent, the shoulder- 
girdle free from the skull. The Cuchia, Am'phipnom cuchia, the 
sole representative of this familj, an inhabitant of the fresh and 
brackish waters of India and Burma, growing to two feet in 
length, is remarkable for the presence of a respiratory air-sac 
on each side of the neck behind the head, communicating 
with the gill-cavity. Of the three branchial arches the second 
alone possesses gill-filaments : the third supports, in their place, 
a thick and semi-transparent tissue; the principal organs of 
respiration are two small bladders, resembling the posterior 
portions of the lungs of snakes, which the animal has the power 
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of filling with air immediately derived from the atmosphere. 
Although covered over by the common integuments, these bladders 
present externally, when inflated, two protuberances of a round 
shape Of the whole volume of blood contained in the branchial 
artery, one-third passes through the gills and respiratory bladders, 
whilst the other two-thirds are conveyed directly from the heart 
to the aorta without being exposed to the action of the air.^ 
This amphibious Fish, when in the water, constantly rises to the 
surface for the purpose of respiration, and it is often found lymg 
in the grassy sides of ponds after the manner of Snakes. 

Sub-Order 4. Apodes. 

Air-bladder, if piesent, communicating with the digestive tract 
by a duct. Praemaxillaries absent ; the inaxillaries, if present, 
separated on the median line by the coalesced ethmoid and 
vomer Pectoral arch, if present, not connected with and remote 
from the skull , mesocoracoid arch absent. Fins without spines, 
the ventrals absent. Anterior vertebrae distinct, without Weberian 
ossicles. 

The Apodes or Eels are elongate, serpentiform Fishes with 
naked skin, or with minute scales imbedded in the skin, the 
opercular bones small and completely hidden under the integu- 
ment 5 narrow or minute gill -openings , the vertical fins, if 
present, confluent behind or separated by the projecting tip of the 
tail. The pterygo-palatine arch is often reduced or absent, and 
there is no distinct symplectic ; the supraoccipital bone is small, 
separated from the frontals by the parietals, which meet on the 
middle line. The vertebrae are very numerous (up to 225), and 
the praecaudals bear strong parapophyses, to which short, slender 
ribs may be attached , epineurals are sometimes present. The 
five families into which this sub-order is divided show remarkable 
degrees of simplification of the skull, through reduction or loss 
of either the maxillary or the pterygo-palatine arches. 

There has been much difference of opinion in the determina- 
tion of the bones of the upper jaw in these Fishes. Cuvier regarded 
the lateral bones of the upper jaw as praemaxillaries, Owen and 
Eichardson as palatines (at least in Muraenas), whilst Peters 

1 Of. Taylor, Edml Journ, Sci. v 1831, p. 33 ; Hyrtl, Eenksohr. Ah. Wien, 
siy. 1858, p 39. On the osteology, cf Gill, Proc, U.S. Nat, Mus, xiii 1890, p. 299. 
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and most recent duthors have identified them throughout the 
order as maxillaries.^ The conclusion I ha\e come to fioiu the 
examination of numerous skulls belonging to vaiious genera, is 
that the praeinaxillaries have disappeaied in all, whilst the 
maxillaries have persisted in the true Eels (Anguillidae) and 
disappeared in the Muraenidae, their place being taken by the 
fused palato-ectopterygoids, which may even join the mandibular 
suspensonum. The vestigial bone, regarded by Jacol)y as the 
pterygoid in Iluiaena helenci, may be identified as the meta- 
pterygoid, and therefore does not disprove the homology, here 
suggested, of the other elements of the palate. 

Fam. 1. Anguillidae. — Maxillaries present, separated on the 
median line by the ethmo-vomer ; palato-pterygoid bone present, 
connected with the hyomandibular and quadiate; gill-clefts sepa- 
rate, opening into the pharynx by wide slits ; tongue present ; 
vent far removed from the head. 



Fig. 362. — Skull and pectoral arch of Conger vulgan^, side view. Ar^ Aiticular • hr, 
branchio'stegal rays; ch, ceratolnal, d, clavicle, coi, coracoid; deiitaiy ; eut, 
epiotic , eth, ethmoid , f, fiontal , lini, hyoniaiidibiilar ; lo}), mteropeiculuni , w, 
maxilla , n, nasal , op, operculum ; p, panetal ; pop, praeopeiciiluni ; praeorbital , 
ppt, pterygopalatine, p% parasphenoid ; pff, post-frontal; pterygials , q, 
q ladrate , 6c, scapula; sd, supri-cl v icle , 60 , supra-occipital ; sop, suboiierculiim ; 
Sfj, squamosal , vh, uroli> al , t', \ omer. 


Spread over all the seas of the temperate and tropical zones, 
often descending to the greatest depths, a few entering fresh 
waters. Many are known to undergo very striking metamor- 
phoses, the pellucid, strongly compressed larvae {Lcptocejphalus) 
having long been a puzzle to naturalists. 

^ Cf, L. Jacoby, Zutsch). Gcs Katur^io. 1867, ]>. 257. 
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ISTearly 150 recent species are known, of which some 50 are 
deep-sea forms, occurring down to 2600 fathoms. Scanty fossil 
remains, referable to recent genera or scarcely different from them, 
are known from the Eocene of Europe The Cretaceous genus 
Urenchelijs, from England and the Lebanon, is interesting as 
representing a more generalised type, the hindmost veitebrae bear- 
ing a pair of expanded hypural bones, showing the diphycercal 
Eels to have been derived from Fishes with a normal caudal fin 

The genera are numerous. The following are the principal . — 
Anguilla, Simenchelys, llyophis, Conger, Coloconger, CongroniuTaena, 
TjToeonger, Heteroconger, Muraenesox, Kettasto^iia, Ketto;ph%clif]iys, 
Saurenchelys, Nctteoiclielya, Myrus, Myroj>liis, Deo'^ichtliys, Chilo- 
rliinus, Muraeniclithys, Lviiranvs, Oplnclithys, Moringua. 

In the first four genera, small, more or less lineal rudimentary 
scales are embedded in the skin, arranged in small groups, whicli 
are placed obliquely at right angles to one another, forming a 
curious pattern ; but these scales are so small that they escape 
the notice of the superficial observer, hence Eels have been 
improperly included among the Fishes forbidden as food by 
the Mosaic prescriptions. In the other genera, including the 
exclusively marine Conger of our coasts, scales are really absent. 

The Common Eel {Anguilla mlgaris) has a very wide dis- 
tribution, being found over the greater part of Europe, North 
Africa, Temperate Asia, and perhaps also North America east of 
the Eocky Mountains, Mexico, and the West Indies. Its record 
from Australia and New Zealand is probably due to the imperfec- 
tion of our knowledge of the specific characters. It is not found 
in the Black Sea nor in the rivers flowing into it, owing, no doubt, 
to the sulphurous nature of the bottom of the sea, to which, as 
we now know, these Fish would have to resort for breeding. 

The mode of propagation of the Eel long remained a mystery, 
from the fact that individuals found in fresh water never 
show ripe genital glands The idea had been entertained of their 
being hermaphrodite, and internal parasites had also given rise 
to the belief in their viviparous nature. The genital glands of 
the female were first investigated by Eathke in 1838, but it was 
not until 1874 that those of the male were discovered by Syrski, 
and shortly after fully described by L. Jacoby, who, in his final 
contribution to the subject, concluded that Eels need salt water 
for the development of their organs of generation, and that this 
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development takes place, not near tlie coast, but lurtlier out in 
deep 'water. As a rule it is not until tlie fifth or sixth year 
that the Eels go to the sea for the purpose of propagation, which 
place at great depths — at least 200 fatlioins. Males have 
been observed to precede the females. The breeding season over, 
the Eels do not return to fresh waters, but are believed to die 
soon after. The eggs were discovered by Eaffaele in 1888 in 
the Gulf of Naples, and shortly after Grass! and Calandruccio 
finally settled the question of the breeding and development of 
the Fish from observations made in the Mediterranean. Their 
conclusions are' thus summed up : — The Common Eel matures 
in the depths of the sea, where it acquires larger eyes than are 
ever observed in individuals which have not yet migrated to deep 
water. The abysses of the sea are its spawning places ; its eggs 
float in the sea water. In developing from the egg, it undergoes 
a metamorphosis, it passes through a larval form denominated 
Leptoe&plwlu& hremrostris.” What length of time the develop- 



Fig. 363. — Larva of Common Eel, Leptoceplicdus hreviro&tris of Kaup. (After Kaup.) 


ment requires is not yet fully established, since the Leptocephali 
are rarely found at the surface, most of the specimens studied by 
G-rassi and Calandruccio having been obtained from the stomach 
of the Sun-Fish {OrtliagorisGiis mola) in the Straits of Messina; 
but it is believed that the young Eels or “ elvers,'’ which ascend 
our rivers in such prodigious numbers in spring and summer 

Eel-Fares ”) are already one year old. Some individuals 
apparently spend their whole life in fresh waters, but they are 
barren.^ A specimen was kept in confinement in the family of 
the French naturalist Desmarest for upwards of 40 years, growing 
to a length of 4^ feet, being already of large size at the time of 

^ The biology of the Eel embraces an enormous literature. The following 
general recent accounts should be consulted ; — L. Jacoby, Die AdlfTacje (Berlin, 
1880), translated in Itep, U.S. Fish Comm. 1882, p. 463 ; H. 0. Williamson, Fep. 
Fish. Board Scotl. xiii. 3, 1895, p. 192; G. B. Grassi, Froc. R. Soc. lx. 1896, 
p. 260, and Mon. Zool. Ital. viii. 1897, p. 238 ; C. H. Eigenmann, Trans. Amer. 
Micr. Soe. xxiv. 1902, p. 5. For a summary of our knowledge of the larval forms of 
European species, cf. J. T. Cunningham, Joum. Mar. Biol. Ass. (2) iii. 1895, p. 278. 
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its capture. Eels are extremely voracious, and endowed with an 
extraordinary tenacity of life , they can live for many hours out 
of the water, and are often met with at night creeping through 
the grass of meadows from one pond or stream to another. 

One of the most remarkable among the deep-sea Eels is the 
Snub-nosed Eel {Sinieyicliehjs ^arcis%ticus\ which has been found 
in great numbers off Newfoundland and the Azores, at depths of 
200 to 900 fathoms. The Aiaxillary and mandibular bones are 
very short and massive, provided with large obtuse teeth ; the 
head is short and biilldog-like in aspect, the mouth small and 
bordered by a thick circular lip. Some specimens have been 
observed to burrow in the muscles of living Halibut and other 
large Eishes, after the manner of Myxine. 

Fam. 2. Nemichthsridae. — ^Distinguished from the preceding 
by the position of the vent, which is close to, or at no great 
distance from, the gill-openinga The rays of the vertical fins 
are connected by thin membrane instead of being imbedded in 
thick skin, as in most Eels ; in some of the genera the jaws are 
excessively prolonged, needle-like, sometimes recurved. Deep-sea 
Eels of small size, represented in the Atlantic, Pacific, and Indian 
Oceans by about 10 species, referred to 6 genera Dysomma^ 
Dysommatojpsis, N'emichthys, Spimvomer, Sernvomer, 6amcdice;ps. 

Fam. 3. Synaphobranchidae. — Maxillaries narrowly separated 
on the median line, their extremity strongly attached by ligament 
to the mandible , pterygo-palatine arch absent. Gill-openings 
externally confluent into a single ventral slit. Deep-sea Fishes, 
resembling the true Eels in the general form and in the pres- 
ence of linear scales placed at right angles, but differing in the 
absence of the pterygo-palatine arch, as in the Saccopharyngidae. 
Eight species of Synaphobmnclms are known, from the Atlantic, 
Pacific, and Indian Oceans, at depths of 200 to 2000 fathoms. 

Fam. 4. Saccopharyngidae. — Maxillaries narrowly separated 
on the median line, extremely elongate ; mouth enormous ; 
pterygo-palatine arch absent , hyomandibular arch slender and 
movably articulated to the cranium, the two bones (hyomandi- 
bular and quadrate) of which it is composed being capable of 
being swung in all directions ; branchial arches far behind the 
skull , no branchiostegal rays or pharyngeal bones. 

Extraordinary-looking deep-sea Fishes allied to the Eels, of 
which they appear to be a further degraded type, the muscles 
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being feebly developed and the shektou c ikitu d Ihe 

mouth, furnished with latliei long but kt bk oi i \ c n lumute titth, 
and the phaijn\ and stomach aie eapiblu of gii d distaision, 
these Tish being able to get outside i puy itiy luiuh lii^m thin 
themsehes, the ejes aie situated In tiuw iid on the lieul, the 
tail IS e\tiemel 7 slender and eloUgite JBoui ^eueia aie known 
each with a single species, fiom the Atliutie i^i(tiiij>Jui7 7jni 



Fig 364 — Saccojpharyn'v amjp7illaceii9 iiat sizo (Aftu GuutUcr ) 


UimypJia'iyru, Ifcmophaiynx, and Gastoostoinn^ Tho depths at 
which they have been obtained vaiy between JS9 and 14 G 7 
fathoms, but thiee out of the foui known specimens ol Sckoo^ 
2')hccTyno weie bi ought to the surface by huiiig swallowed a 
Fish too large for the capacity of the stomach. The length of 
the laigest specimen is about 6 feet, of which the till constitutes 
neaily thiee-fouitha 



Fig 365 — SkuU of Thyrsoxdea mehotqus, side \iew ar Aiticiilar , d dentan e /, 
epiotic e^^,etliiiioKl / frontal / ? ?, hyonmdibiil ii mtcioj crciiliim n nisal, 
op opercTimm, xs orbitospbencil , p j irietal , praeopertiihuu , p ?, piae 
orbital pterjgo pahtine parasphtnoid post h out'll f/qiuliite, 

siipiaoccipital , atp suboperculuni , 5a, suborbitals , sq squimosil \ouier 

Pam. 5. Mnraenidae. — Maxillaiies absent, replaced by the 
palato-pterygoid, the month bordered by the kittei and the 
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etlinio-Yomer , paLito-pteiygoid bone separated from liyoinandi- 
ljular arch , branchial openings into the phaiynx narrow slits ; 
no tongue. 

The body is naked, pectoral fins are usually absent, and the 
gill-cleft is a small round opening. The opercular bones are 
much reduced m size, and the pectoral arch may be totally absent. 

Voracious marine Fishes, inhabiting tiojjical and sub-tiopical 
waters, Leing especially abundant about coral reefs. Some 120 
species are known, many reaching a veiy large size, and being 
also remarkable for their variegated coloration. The genera are 
mostly founded on the dentition, which shows much diversity ; 
the following are the piincipal* — Myroconger, Enclielycore, 
2hiTmna, Thyrsoidea, Lycodontis, Pytliomclithys, Ecladna, Chan^ 
nomiiraeiiCL The Muraena of the ancient Eomans, Mumena 
hclena, of the Mediterranean, Eastern Atlantic, and neighbouring 
parts of the Indian Ocean, occurring exceptionally as far north 
as the English coast, grows to 4 feet, and its flesh was more 
esteemed than that of any other Fish, large numbers being reared 
in specially constructed reservoirs near the sea, and fed on the 
corpses of slaves. Ghannomumena vittata, from the coast of Cuba, 
IS known to attain a length of 8 feet, and Thyrsoideci viacmra, 
from the Indian Ocean and the Malay Archipelago, to upwards 
of 10 feet. 


Sub-Order 5. Haplomi. 

Air-bladder, if present, communicating with the digestive 
tract by a duct. Opercle well developed. Pectoral arch sus- 
pended from the skull, no mesocoracoid arch. Fins usually 
without, rarely with a few spines , ventrals abdominal, if present. 
Anterior vertebrae distinct, without Weberian ossicles. 

The absence of the mesocoracoid arch distinguishes the 
Haplomi from the Malacopterygii, with which they are united 
by various authors They lead to the Percesoces through the 
Cyprinodontids, and to the Lower Acanthopterygians, such as 
the Berycidae, through the Scopelids, Stephanoherycids, and 
Percopsids, as is evidenced by the structure of the mouth and 
the forward position, in some of the genera, of the ventral fins, 
which, however, are never attached to the pectoral girdle. Most 
of the forms which are here included mhabit either fresh water 
or the deep sea. 
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Synopsis op the i amii ii s 

I PanetaL sepaiating tlie fiontal^ fioiii tlu sui>i loccipit il post 
temporal simple , piaecaiidal \ertebiae "with xiitogciious pu xpoplust^ 

Margin ol the uppei jaw formed In the juicunxillxius md the nu\il 
laiieb , hasib crann simple. , no adipose doi sal fan 

1 Gala lulu 

Margin of the upper jaw foinied by the pi xema\illaius oiil} ])isis cianii 
double , adipose doisal fin piesent 2 Ilaphulntonidu 

II Eioiitals in contact with the supi loccipital 

A Praecaiidal vertebrae w ithoiit ] )aiai) 0 ] )h} se s 

1 Margin of the upper jaw formed In the luiemaMlliiies uid 

the ma\illaiies 

Body without or with minute scales, usuall'j with lows of scutes , ulipose 
dorsal fin usually present 3 Lnchodonfidat i 

Body scal> , post tenipoial foiked, no idipo^e doisil fan, xentiils with 
6 to 11 lays 4 L^Oiidai 

Body scaly, post temporal incompletely ossified, pectoial fan without 
pterjgialfa , no adipose dorsal Jfin, xentials with ? i i\s onl^ 

5 Tktlliulat 

2 Mavillaries evcluded fiom the oial boidei 

a Adipose doisal fin usuall> pieseiit, \entiil fan with 
7 to 10 ra^s 

Post tempoial forked, doisal fin foimed of aitieulated ia}s 

6 Scn^ididat 

Poat tempoial simple, doraal fin \eiy long, ioimed of sleiidcx, non 
articulated, simple or bifid lays 7 Akpid )s<nu idat 

b No adipose doi-jal fin , head and mouth t noi mous, 
dentition feeble , bodj naked , vential fans, if piescnt, 
with 5 rays 8 Cdomm'idiu 

B Praecaudal vertebrae with well developed paiapoiihj ses , ma\il 
lanes evcluded from the oral boidei 

1 Doisal and anal fans without spines, seales cycloid, oi 

with erect spines , no adipose fan 

Mouth not protractile, xentral fins far forwaid, with 7 to 17 ia}s 

9 GMiothriadat'f 

Mouth not protr'^ctile , ventral fins re note fiom the pectoials, with 9 
13-yb 10 Knt^indae 

Mouth protiactile, \ential fins, if present, with 5 to 7 rays 

11 Qypnnodonhdat 

lloutli scarcely protractile -(eniral fins rudimentary or absent, ^ent 
close to tbe gills 12 AmUyopsidat 

Moutb sbgbtly protractile , ventral fins vith 5 or 6 rays 

13 Stephanoheryezdao 

2 Dorsal and anal fins wnth tiue spines, scales ctenoid, an 

adipose dorsal , ventral fins with 9 rays 

14 Peicopsidae 


t Fossil only 
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Fam, 1. Galaxiidae, — Margin of the upper jaw formed hj 
the praeinaxillaries and the maxillanes, the latter behind the 
former, and toothless. Parietals in contact with each other, and 
separating the frontals from the supraoccipital ; opercular bones 
all well developed. Basis cranii simple. Pabs inserted on 
strong, autogenous parapophyses , epipleurals and epineurals. 
Post-temporal simple, attached to the epiotic , post-clavicle 
present. Body naked Vertical fins far back , no adipose 
dorsal fin. Pectoral fins inserted very low down. Ventials, if 
present, with seven rays. Air-bladder present. Ova falling 
into the cavity of the abdomen before exclusion. 



Fig 366 . — Galoxias breiipmms, fiom New Zealand, J natural size. 


The genus Galoxias has an interesting distribution, the 
species of which it is made up occurring in the fresh waters of 
the southern hemisphere, viz. 8 in New Zealand and neighbour- 
ing islands, 7 lu New South Wales, 3 or 4 in South Australia, 
1 in West Australia, 2 in Tasmania, 7 in South America, from 
Chili southwards, and 1 at the Cape of Good Hope. One 
species (G. atteoniatus) is even believed to be identical in New 
Zealand, Tasmania, South Australia, the Falkland Islands, and 
South America. This conclusion is probably correct from the 
fact, which may account for the distribution of the whole genus. 



Fig, 367. — Distribution of tbe Galaiiidae. 
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thclt it IS not coiihnod to titsh w itcis but occiu^ <ilso in the 
sea Specimen's weie ohsei\ed by Mi Itupcit A ilhntiii in the 
idlklancl Islands, wheie the Fish is known to the inli ilutints 
as ‘ Smelts, in shoals in the shallow water iloiy the slioie, and, 
accoiding to Mi F E Claike, the same species, in New Zealand, 
peiiodically descends to the sea wheie it spiwiis, iioni Janiuiy 
to Maich, and retuins fiom Maich to May A in nine species 
has lecently been disco\eied at the Chathiiii Islinds In New 
Zealand, the Galaxias weie called ‘^Tiout'' by the scttleis befoie 
the intioduction of Salmonids, whilst the liy ol G atfcnuatus aie 
eaten as “Whitebait” The laigest species lexdi tlie length ol 
a foot XeoclianMi, fiom New Zetland, diffcis liom Galanas 
in the absence of \ential hns, it has been found lu buiiows, 
which it excavates at a distance fiom watei 

Fam. 2. Haplochitonidae. — Small fi esh - w itei Ti out-like 
Fishes, agieeing in most i aspects with the Gralaxiidae, to 
which they are unq^uestionably closely rehted, diheiing only in 
the greatei extent of the piaemaxiUaiies, which exclude the 
inaxillaiy fiom the oial boidei, in the double basis cianii (the 
pi 00 tics uniting under the brain, leaMiig a c<inal between them 
and the paiasphenoid), in the shoiter ijaiapoidiyses, which, like the 
neuid arches of the praecaiidal veitebiae, aie autogenous, <ind 
in the presence of a small adipose doisal fin, opposed to the anal 
Two genera Ifa;plochiton, naked, with a single species fiom 
Chill, the southern extiemity of South America, and the Falk- 
land Islands, and Pi ototi octes, covered with small scales, of which 
one species inhabits Queensland, another South Austialia, and 
a third New Zealand In Haplochiton, the uiogenital oiifice 
of both sexes is produced into a ejlindiical tube, which lies 
concealed in a groove in front of the anal fin 

Fam. 3. Enchodontidae — ^Margin of tlie upper ]aw formed 
by the praemaxiUaries and the maxillaiieb, the latter sometimes 
toothed like the former Frontals in contact with the supia- 
occipital , basis cianii simple Eibs sessile , praecaudal verte- 
brae without transverse processes Bayed dorsal fin never much 
extended , sometimes an adipose fin behind it Scales delicate oi 
absent, but occasional longitudinal series of scutes occur, the 
dorsal series, when present, bemg unpaiied. 

Cretaceous Fishes alhed to, and apparently more generalised 
than, the Esocidae and Scopehdae Numerous remains from 
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Europe and Noith Ameiica, refeired to 7 geneia: JEnclioclas, 
Euri/i)liolis, Palaeolycas, Hahc, G%mohclitliys, P'l lo^iolrpis 

Fam. 4. Esocidae. — Margin of the upper jaw formed hj the 
praemaxillaiies and maxillaries, the latter behind the formei, and 
toothless Supraoccipital in contact with the frontals, sepaiating 
the small panetals , opercular bones all well developed , basis 
cranii simple. No parapophyses, except to the hmdermost prae- 
caudal vertebrae, epipleuials and epineurals Post-temporal foiked, 
the upper branch attached to the epiotic, the lower to the 
exoccipital; post-cla\ icle present. Veitical fins fai back, no 
adipose dorsal fin Pectoral fins inserted \eiy low do\vn , xentrals 
with 6 to 11 rays. Air-bladder present. 

As m the Haplochitonidae, the neural and haemal arches are 
bones distinct from the centia, and although paiapophyses are 
not developed, the ribs aie not inserted on the centra, but on 
distinct bases wedged into the lattei.^ Teeth are piesent on the 
vomer, palatine, and pharyngeal bones 



Fig. S68. — Skeleton of Usox hioiub. (After Jordan and Evermann ) 


A small family of carnivoious freshwater Fishes, including the 
Pike (Esocb), of predaceous habits, unsurpassed m greediness and 
voracity, and the small and insignificant-looking Umbra, distin- 
guished by the more anterior position of the dorsal fin, the larger 
scales, and the moderately large gape, with feeble vilhform teeth. 
The range of the Esocidae is lestncted to the cold and temperate 
parts of the northern hemisphere. Besides the well-known Esox 
luc'ius of Europe, Northern Asia, and the northern parts ol 
North America, growing to a length of 4 feet, and the Maskinongy 
(E, nobiUor) of north-eastern North America, reaching twice that 
length, the first genus comprises three smaller species from the 
Eastern United States. Eemains of Esox have been found in 

^ Forming, ^\lth the bases of the neurapophysea, the cross-shaped arrangement 
which has been described m the Pike as well as in Am%a. 

VOL. VII 2 E 
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various freshwater deposits in Europe as far back as the 
Oligocene. K le;pidotus, of which very perfect specimens have 
been found in the Upper Miocene beds of Oeningen in Baden, 
differs from the living species in its much larger scales and in 
the greater approximation of the ventral and anal fins, two 
characters in which it approaches Umljra. Only two species of 
the latter are known : U. crameri (“ Hundsfisch ”), from the 
stagnant waters of Austria-Hungary, and U. limi (^"Mud-Fish”), 
living in swamps and ditches in Canada and the north-eastern 
United States, often remaining imbedded in the mud of prairie 
sloughs and bog-holes. 



Fam. 6. Dalliidae. — The genus DalUa, with a single species 
inhabiting the streams and ponds of Alaska and Siberia, is related 
to Umhra, but differs in the very thin and papery skeleton, with 
the post-temporal imperfectly ossified and the pectoral fin without 
pterygials or actinosts. The dorsal fin is far back and opposite 
to the anal, as in the Pike. The ventral fins are composed of 
three rays only, and the pectorals, which have a somewhat fleshy 
base, have as many as 36. The scales are extremely small, and 
partly imbedded in the skin. The Black-Fish, D. jpectomliB, 
abounds in Sphagnum ponds, feeding on plants and worms, and 
forming the chief food of the natives of some parts of Northern 
Alaska, where, with the exception of the Salmonids, it is the only 
freshwater Fish. Turner, its discoverer, says its vitality is extra- 
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ordinary : Black-Fishes will remain frozen in baskets for weeks, 
and when thawed are as hvely as ever, one having been swallowed 
in a congealed condition by a dog, thawed out by the heat of 
the stomach, and vomited up alive. 



Fig. 370. — Dallm pectoraliSi \ natural size. (After L. M Turner ) 


Pam. 6. Scopelidae. — Praemaxillaries much elongate, and 
completely excluding the maxillaries from the oral border 
Supraoccipital m contact with the frontals, sometimes partly 
covered by the parietals; opercular bones all well developed* 
Basis cranu simple. Eibs sessile ; no parapophyses on the prae- 
caudal vertebrae ; epipleurals and epineurals. Post-temporal 
forked, the upper branch in contact with the epiotic or the 
supraoccipital, the lower with the opisthotic , post-clavicle present. 
An adipose dorsal fin often occurs , luminous spots often present 
on head and body. Ventral fins with 7 to 10 rays. Air-bladder 
sometimes absent. 

A large family (over 100 known living species), mostly of 
pelagic and deep-sea Fishes. A great number of fossil types 
have been described. 

Eecent genera : 

A. Without photophores : Saums, Sawnda, Bathysaurus, 
Harjpodon, Scopelarchus, Aulojpus, Odontostomus, Omosud%s, 
Sudis, Parale^is, Bathyjpterois, Benthosaurus, OhloropMhalmus, 
B. With photophores * Scopelus, Dasyscojpelus, Neo- 
soo^pelus, Scopelengys, NannobracMumj Soojpelosaurus, 

Fossil genera : 

A. Cretaceous : Scurdinioides, Acrognathus, Leptosomus, Bar- 
dimus, Dactylo^ogon, Nematonotus, Microcoelia, OpisthojpteryXy 
AjpateoduSj Ehinellus, B. Eocene, Oligocene, and Miocene : 
Omiodony Scopelo'hdeSy ParascopeluSy Anajpten^su- 



c^ocodtlus (after Goode 
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Ihe members of this Family ^ary much in foim, and among 
them are to be found some of the most cuiious adaptations to 
bath} bial existence One of the best known is Ha'i^podon nehe') eiis, 
which, when newly taken, is brilliantly phosphoiescent all ovei 
the body , in a salted and diy condition it is the “ Eomba} -duck,” 
a delicacy eaten with cuiiies, and exported in large quantities from 
the west coast of India It is not known to occur at any great 
depth, and is not even restiicted to the sea being very abundant 
in the ri^eis and estuaries of Bengal and Burma , whilst an alhed 
species, H squamosus, is found in the Indian Ocean at depths 
of 120 to 300 fathoms In Baihypterois the e}es are ^eiy 
small 5 some of the lays of the paiied fins bemg excessively pro- 
longed, acting as tactile organs, and compensating the reduction in 
the e}es bn John Muiray has observed about B longipea 
‘‘When taken fiom the tiawl [horn 2650 fathoms] they were 
always dead, and the long pectoral rays were erected like an 
aich over the head, requiring consider able pressure to make 
them lie along the side of the body , when erected they 
resembled Pennatulids like UmlelluW In Ipnops, which 
lesembles in general form the laige-eyed Cfhlorophthdmus graeihs, 
the uppei surface of the broad spatulate snout is occupied by 
a luminous oigan longitudmally divided into two symmetrical 
halves, and the eyes are absent, unless, as first supposed, this extra- 
ordinary organ be a modification of them , but Professor Moseley’s 
examination seems to have proved beyond doubt that it is a 
special form of phosphorescent organ, the object of which would be 
to attract other creatures to the wide gape of a Fish which, living 
m the abysses of the sea and deprived of organs of sight and 
touch, would have great diflGiculty m procuring its food Odonto- 
stomuSj with a veiy large eye which can be turned upwards and 
sidewaids, and enormous compressed curved teeth, barbed at the 
tip and depressible backwards, is one of the few Scopelids in 
which scales are completely absent 

The numerous species (about 50) of Scopelus and their allies 
are moderate-sized or small pelagic and deep-sea forms found m 
nearly all the seas, some coming to the surface at night, whilst 
others are confined to great depths , they are remarkable for the 
series of phosphorescent spots (photophores) on the body, and in 
some species also on the head, where they may form large patches 
on the snout The arrangement of these photophores is a very 
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definite one, and it has been used for the division of those Fishes 
into genera or suh-generad The ventral fins have a more forward 
position than in most other members of the Funnily. 

Fam. 7. Alepidosauridae. — Characters as in the preceding, 
but supratemporal simple, attached to the opistholio, and dorsal 
fin very long, formed of slender, non-articulated, siiiqde or l)ifid 
rays, extending along nearly the whole length oL tlie back, 
followed by a small adipose fin. The air-bladder is absent and 
the body scaleless. The skeleton is feebly ossified ; the diaitition 
is very powerful, some of the teeth on tlie palate and mandible 
being very strongly enlarged. 4 or 5 species are known, Iroin 
considerable depths in the Atlantic and Pacific Oct^ans, referal)le 
to one genus, Ahpidosaurus or Playyodus. A. feroXy from the 
Atlantic, reaches a length of 4 feet. 



Fig. 372. — Ale^idosawus ferox, ^ nat. size. (After Goode and Bean.) 


Fam. 8. Oetomimidae. — The affinities of the recently dis- 
covered genera Eondeletia and Getomimm, deep-sea Fishes ftom 
the North Atlantic, at depths of 1000 to 1600 fathoms, are still 
uncertain, as the skeleton could not be examined; they are 
probably most nearly related to the Scopelidae. The head is 
enormous, with very wide gape, that of Getomiv} ns being 
suggestive of that of a Eight Whale ; the teeth are small and 
coarsely granular ; the gill-openings are very wide; the body is more 
or less compressed and scaleless ; the dorsal and anal fins are 
opposed to each other; no adipose dorsal fin. In Eondeletia, the 
eyes are moderately large, and ventral fins, with 5 rays, are present; 
in Getomimus, the eyes are very small, and ventral fins are absent. 

1 Of. Raffaele, M%tth, Zool, Stat Neap, ix. 1889, p. 179; Lixtken, “ SpoHa 
Atlantica,” ii. 1892 ; Goode and Beau, ‘-Ocean. Ichthyol.” p. 70 (1895). 
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Fam. 9. Ohirothricidae. — Praemaxillanes delicate and st}li- 
form, completely excluding the maxillaiies from the upper border 
of the mouth , jaws with feeble dentition 01 toothless, opeicular 
apparatus complete Piaecaudal \ertebrae with lobust paia- 
pophyses, to which ribs aie attached Ventral fins fai foiwards 
These Pishes, of which three fossil geneia aie known from the 
Cretaceous of Germany and Syiia, appeal to be related to the 
Scopehdae, from w hich the strong parapophyses distinguish them 
Clno otJirix IS remaikable foi its excessively enlarged \ entral fins 
with about 1 7 rays , these fins were taken for the pectoials by 



Fig 373 — Chirothrix libaniaics, restored by A S Woodwaid 


the early desciibeis In Tel&plioliB and the ventral 

fins aie smaller than the pectoials, and formed of 7 or 8 rays only , 
the dorsal region, m the former, is protected by a covering of 
small, thin, rounded or polygonal dermal scutes, each bearing a 
median tubercle 

Pam. 10. Kneriidae. — Margin of the upper jaw formed by 
the praemaxillanes , mouth toothless, not protractile Panetals 
separated by the supraoccipital Pharyngeal bones toothless 
Praecaudal vertebrae with parapophyses Body covered with 
small scales Ventrals with 9 lays No adipose dorsal fin. 
Air-bladder present 
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The genus Kncria comprises two spoeii‘S from the lV(‘sli waters 
of tropical Africa, one from Angola, tlie otlier from I^^ast Africa.^ 
Small Loach-like Ifishes, two to four inches long, with tlie upper 
jaw projecting beyond the mouth, which is inferior ami transverse; 
no barbels ; gill-membranes entirely grown to tln‘ isthmus, the gill- 
opening being a rather narrow vertical slit; dorsal and anal fins 
short, the former opposite, or nearly opposite, to the venlrals ; the 
snout of the male(?) of A”, anyolemh is doscrilx^d as ])eset with 
small spine-like excrescences ; the intestinal tract makes several 
convolutions. 

Fam. 11. Oyprinodontidae. — Mouth protractile, the max- 
iUaries excluded from the oral border; teeth in tlie jaws and on 
the pharyngeal bones ; pterygo-palatine arch weak or rudimentary; 
opercular bones all well developed. Basis cranii simple. Prae- 
caudal vertebrae with strong parapophyses, l)earing the ril)s ; 
epipleurals inserted on the ribs. Post-temporal forki‘d. Yentrals, 
if present, with 5 to 7 rays. iTo adipose dorsal fin. Air-ldadder 
sometimes absent. 

Prom a physiological point of view, this Family may be 
divided into carnivorous forms, with short dige^stive tract, and 
phytophagous or limnophagous ones, in which the intestine forms 
numerous coils. To the first division belong the living genera 
Cyjprinodon, Oharacodonj Tellia, Hiqdochilus^ Fundidus, Iiiruhis, 
Gynolebias, Orestias, Umpetriehthjs, Jenynsia, Psc iido^viphophorus, 
BelonesoXy Gambiimt, AnaUejis, among existing forms, and the 
fossil genera Prolelias (Oligocene and Miocene) and Pachylelias 
(Miocene) ; to the second, the living genera Poec/dvt, MoUicnesiay 
PlatypoeciluSi and Oirardinus. Procettopus^ a near ally of Hap- 
locUlus, recently discovered in South Cameroon, is remarkable 
for having the ventral fins inserted far forward, below the 
pectoral fins. 

These are small or very small Fishes,^ only a few' reaching a 
length of about a foot, confined to fresh or brackish waters, 
recognisable externally by the flat head with protractile mouth, 
the usually large scales, and the absence of a well-developed lateral 

^ K. speJeii has been described as from Central Africa, but tb© only known speci- 
mens were obtained by Speke in XJzaramo, a district on the coast of Gorman East 
Africa, just south of Zanzibar. 

® The most recent account of the Cyprinodonts, with much information on the 
habits, development, and anatomy, is by S. Garman, Mmi. Mus. Oomp. Sool xix. 
No. 1, 1895. 
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line. The teeth vary much in shape cardiform, viUiform, or 
compressed, and hi- or tri-cuspid ; the palate is either toothless, or 
teeth are present on the vomer. About 200 species are known, 
mostly from the American continent, only about 30 being known 
from other parts of the world, viz Southern Europe, Southern Asia 
and elapan, and Africa In many species the sexes are dissimilar, 
the female being larger and less brilliantly coloured, with smaller 
fins ; the anal fin of the male may be modified into an intro- 
mittent organ by means of which internal fertilisation takes place, 
the ova developing in a sort of uterus, which the young leave in 
a more or less advanced stage of growth. The most curious of 



Fig 374 — AnaUeps tetrophthalmus^ male, ^ nat size 


the Cypnnodontids is the genus AnaUeps, of Central and South 
America, surface-swimming Fishes, the strongly projecting eyes of 
which are divided by a horizontal band of the conjunctiva into an 
upper part adapted for vision in the air, and a lower for vision in 
the water, and the pupil is divided into two parts by a constriction, 
the larger species grows to the length of a foot. 



Fig. 375. — Distribution of the Cyprmodontidae. 
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Pam. 12. Amblyopsidae. — Mouth scarcely protractile, the 
maxillaries excluded from the oral border ; teeth small, in jaws 
and palate, and on the pharyngeal bones. Praecaudal vertebrae 
with very strong parapophyses, bearing the ribs on their upper 
surface; epipleurals inserted on the ribs. Ventral fins rudi- 
mentary 01 absent. Vent jugular, close to the gill-clefts. 
Air-bladder present 

Small ovovivipaious Fishes, closely related to, and evidently 
derived from, the Cypiinodontids, measuring from 1 to 5 inches, 
inhabiting ditches and small streams, or confined to subterranean 
waters of limestone caves, in the United States east of the Eocky 
Mountains. Six species, referable to three genera, are known. 




Fig 376. — A, Qhologaster coniiUus, and B, AmUyopsi& spelaea^ nat. size 
(After Joidan ) 


In Qhologaster, the eyes are well developed and the body is 
coloured. (7. cornutus inhabits the lowland streams and swamps 
of the South Atlantic States, from Virginia to Florida ; C, 
agassizii is found in the underground streams of Kentucky and 
Tennessee ; and C. ]pap%ll%ferus occurs under stones in the springs 
of south-western Illinois. Amllyojpsis and Ty^phhchthys, which 
are evidently derived from the former, or from forms closely 
related to it, have the eyes rudimentary and more or less con- 
cealed under the skin, and the body is colourless. Amhlyojpsis 
spelaea is widely distributed in the caves east of the Mississippi, 
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both north and south of the Ohio Eiver ; it is common in the 
Elver Styx of the Mammoth Cave. Ty^phliclitliys sulterraneus 
is found with fche latter species in the caves east of the 
Mississippi, but is confined to the south side of the Ohio Eiver, 
whilst T. {Troghchthys) rosae is found in the caves west of the 
Mississippi Eiver. Of AmUyo;psis spelaea, the late Professor Cope 
has observed : “ If these Amblyopses be not alarmed, they come 
to the surface to feed, and swim in full sight, like white aquatic 
ghosts. They are then easily taken by the hand or net, if perfect 
silence is preserved, for they are unconscious of the presence of an 
enemy except through the medium of hearing ; this sense, however, 
IS evidently very acute, for at any noise they turn suddenly down- 
wards, and hide beneath stones, etc , on the bottom Dr Carman 
thinks, on the contrary, that such a sense can hardly be developed 
in recesses where w’e are accustomed to think any sounds other than 
those made by the rippling or dripping w^ater are almost unknown, 
and that it is through the sense of touch, and not through 
hearing, that the Pish is disturbed In fact, the head is provided 
with a great number of tactile papillae, arranged in transverse 
ridges, provided with nervous filaments, which evidently compen- 
sate the loss of the visual organ.^ 

Pam. 13. Stephanoberycidae. — This Family has hitherto been 
placed near the Berycidae, among the Acanthopterygii, but there 
are no spinous rays in the dorsal and anal fins ; and the ventrals, 
formed of one simple and four or five branched rays, are abdominal. 
The genus Stephanoberyx, with two species from the Atlantic, at 
depths of 535 to 2949 fathoms, is characterised by a large, thick, 
cavernous head, with thin bony spine-bearmg ridges, a large 
mouth bordered by the protractile praemaxillanes, behind which 
are the large maxillaries, a short dorsal and a short anal, opposed to 
each other behind the ventrals, and the body covered with feebly 
imbricated scales, each bearing in the centre one or several erect 
spines. The largest specimen measures 6 inches. Malacosarcus, 
a small Pish from the Pacific, at depths of 2350 and 2425 
fathoms, is very closely allied to Stephanoberyx, but its scales are 
very thin and cycloid. The striking resemblance which the head 

^ On the history and habits of the Blind Fishes of the Mammoth Cave, cf, Putnam, 
-4mer. Nat. 1872, p. 6, and Froc Boston Soc 3.V11. 1875, p. 222. For a recent 
account of the eyes of the Amblyopsidae, c/* 0 H Eigenmann’s paper in Arch, /. 
Entwichelungsinech, viii. 1899, p. 645, to which is appended a complete biblio- 
graphical index to the subject. 
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bears to that of the Berycid Melampliaes may be merely a case of 
convergence, and it must be borne in mind that this appearance 
is approached by some species of &opehis, with which both 
McUttcosarous and Melampilhaes were originally confounded. The 
praecaudal vertebrae are provided with parapophyses. I have 
ascertained on a specimen of Stepluinolenjx monae that the air- 
bladder is connected with the doisal side of the stomach by a 
short and comparatively wide duct. 



Fig. 377 . — Stejjhamiberyju gilhi, iiat. si7e (After Goode and Bean.) 

Fam. 14 Percopsidae. — Margin of the upper jaw formed 
by the praemaxillaries ; mouth small, not protractile, toothed; 
palate toothless. Supraoccipital in contact with the frontals, 
separating the small parietals. Basis cranii simple. Most of 
the praecaudal vertebrae with paiapophyses, on the upper surface 
of which the ribs are inserted ; no epipleurals. Post-temporal 
forked ; post-clavicle present ; scapular foramen in the scapula, 
on which three hour -glass -shaped pterygials are inserted, a 
fourth being inserted on the coracoid. Dorsal fin with two 
true spines ; anal with one or two ; ventrals far forward, with 
9 rays ; pectorals inserted rather high. A small adipose dorsal 
fin. Body covered with strongly ctenoid scales. Air-bladder 
present (with open duct). 

This is a most interesting group of Pishes, from the resem- 
blance which they bear to the Perches, and they have therefore 
been raised to the rank of a sub-order, Salmopercae, by Jordan 
and Evermann, who regard them as “ archaic fishes, relics of 
some earher fauna, and apparently derived directly from the 
extinct transitional forms through which the Haplomi and 
Acanthopteri have descended from allies of the Isospondyli 
[Malacopterygii].'’ On the other hand, an analysis of their 
characters shows them to belong to the Haplomi, of which they 
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may be regaided as highly specialised members, having evolved 
111 the direction of the Acaiithopterygii 

Only two genera aie known, each with a single species: 
Percopsis, from the rivers and streams of Canada and the north- 
eastern United States, and Columbia, more recently discovered 
in the sandy or weedy lagoons along the Columbia Eiver. These 
Fishes are of small size, not exceeding 6 inches in length. 
Their eggs are unusually large. 



Frc» 378 — Oalumbia t/ausmontana, natural sue (After Eigenniann ) 


Sub-Order 6. Heteromi. 

Air-bladder without open duct. Opercle well developed ; 
parietal bones sepaiating the frontals from the supraoccipitaL 
Pectoral arch suspended from the supraoccipital or the epiotic, 
the post-temporal small and simple or replaced by a ligament , 
no mesoeoracoid. Ventral fins abdommal, if present. 

The Halosauridae and Notocanthidae are deep-sea Fishes of 
obscure affinities. In the abdominal position of the many- 
rayed ventral fins and in the absence of the mesoeoracoid arch 
they agree with the Haplomi ; but if, as the mvestigations of 
Gunther lead us to believe,^ there is really no open communica- 
tion between the air-bladder and the digestive tract, they 

^ Vaillant tv as inclined to take a different view, but witli considerable diffidence, 
owing to bis inability actually to trace an open duct. I believe Gunther to be 
Tight on this point, as well as in his account of the suspension of the pectoral arch 
in Kotacanthus, which I have been able to verify. Besides, Mr "W. S Rowntree, 
who has great experience 111 these matters, has kindly examined at my lequest a 
well-preserved example of Salosaurojobzs macrochvr, and informs me that “the air- 
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should be removed from this physostomous sub-order. The 
two families have many characters in common, such as the 
attachment and structure of the pectoral arch, which is devoid of 
a post-clavicle, the position of the pectoral fins high up the sides, 
the strong parapophyses inserted very low down on the centra of 
the vertebrae, the extent of the parietal bones, which meet in 
a sagittal suture and separate the frontals from the supra- 
occipital. The recent discovery of a tliird family, the Lipo- 
genyidae, which, in the structure of the dorsal fin, is exactly 
intermediate between the two others, has lessened the gap 
between the Lyomeri (Halosauridae) and Heteromi (Notacan- 
thidae) of Gill, which I have proposed to unite in a sub-order 
under the latter name. 

These Pishes are no doubt derived from forms in which a 
separate caudal fin existed ; such a type must have been near 
the Dercetidae, as defined by A. S. Woodward, which may 
provisionally be placed here. 

An imperfectly known Fish from the Chalk of Mount Lebanon, 
Pronotacanthus $cblielalmae, appears to bear some affinity to 
Notacanthus, and has been placed in the same family ; but its 
characters are not sufficiently defined to refer it without doubt 
to this division. 

There is a fifth family which may enter this sub-order: 
the Fierasferidae, the structure of which has been exquisitely 
described and figured by Emery.^ Hitherto placed with or near 
the Ophidiidae, they differ widely from them, as well as from 
all Acanthopterygians, in the conformation of the skull, the 
supraoccipital being separated from the frontals by the parietals, 
which form a long median suture. This is a feature which has 
only been observed in Fishes with abdominal ventral fins, and 
although the total absence of those fins in Fierasfer deprive 
us of an important criterion in deciding on its affinities, I am 
inclined to regard this family as derived from an “ abdominal 
type. The conformation of the pectoral arch has much in 
common with that of the Halosaurs, and, notwithstanding the 
interpretation that has been given to the bones at the back of 

bladder passes anteriorly into a tapering bajid of tissue wbicb ends in a tbread- 
like ligament atte.ched to the stomach near its posterior end and in the mid-dorsal 
line — not to the oesophagus ; no trace of an open communication could be found. 

^ Fauna u. Flora d. Golf. v. N'eap. ii. 1880. 
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the cranium in the latter type, the same may be said, in a 
general way, of the skull 

As pointed out by Emery, the very anterior position of the 
vent in the Eierasferidae is directly related to the curious mode 
of life of these Eishes, and the analogous condition obtained 
in various families, such as the Gymnotidae, Nemichthyidae, 
Amblyopsidae, shows it to be a character of relatively small 
systematic importance. 

Syi^opsis of the Families 


A. Yent 2 )osterior 

a A distinct caudal fin ; ordinary scales small or wanting, but enlarged 
scutes along the side . 1. Dercetidae f. 

h. Tail tapering to a point ; scales cycloid 
No spines , dorsal fin short, anal very long . 2 ffalosaundae 

Fins with spines, dorsal short, anal long . . 3 L'lpogeiiyidae 

Dorsal fin formed of a senes of spines, anal long, formed partly of spines 
and partly ot soft rays 4. Notacanthidae 

B. Yent immediately beliind the giU-opening, no caudal fin; scales absent 

5. Fumsfendae 


Fam. 1. Dercetidae. — ^Body much elongate; ordinary scales 
small or wanting, but two or more continuous series of enlarged 
scutes along each side ; mouth large, praemaxillaries apparently 
forming the greater part of the upper border of the mouth, 
which is toothed; opercular apparatus complete Dorsal fin 
more or less extended, without spines ; anal short, caudal 
separate , ventrals with not less than 7 or 8 rays. 

Dercetis, Le^ptotracheluSj Leptecodon^ PelargorliynchuSy and 
StratodiiB, from the Upper Cretaceous of Europe, Syria, and 
NTorth America. 

Fam* 2. Halosauridae. — Body elongate, covered with cycloid 
scales, the tail tapfering to a point, without caudal fin; head 
with scales; mouth moderate, bordered by the praemaxillaries 
and the maxiUaries, both toothed ; suborbitals large , praeopercle 
rudimentary. Dorsal fin short, formed of soft rays, above or 
a little behind the ventrals, which are rather far back, and 
formed of 9 or 1 0 rays ; anal very long, without spines, extending 
to the end of the tail Ovaries transversely laminated, the 
ova falling into the abdominal cavity. Some 10 living species 
are known, referred to three genera, inhabiting the Atlantic,. 
Pacific, and Indian Oceans, at depths of 500 to 1400 fathoms. 
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In Ealosaurus the scales of the lateral line, which rnns near 
the lower profile, are scarcely enlarged, and are destitute of 
luminous organs. Ealosaurichtliyb differs in the union of the 
ventral fins with each other, as in Eotacanthus, In Ealosauropsis 
the scales of the lateral line are strongly enlarged and pouch- 
like, and hear photophores. 

This family is one of great anticpity, being represented in 
the Upper Cretaceous of "Westphalia by Ecliidnocephalus, which, 
as shown by A. S. Woodward, appears to have been closely 
related to Ealosaurus, 



Fig. 379 . — Ealosanropais matrocliir^ J uat. size. (After Giintlier.) 


Fam. 3. Lipogenyidae. — Similar to the preceding in shape 
and in the position of the dorsal fin, but with a toothless, 
roundish, inferior, suctorial mouth, and with the short dorsal and 
the long anal formed partly of spines and partly of soft rays. 
Head and body covered with minute scales ; lateral line nearer 
the dorsal than the ventral profile. Ventrals with 3 spines and 
7 soft rays. A single species, lApogenys gillii, from the North 
Atlantic, 865 fathoms. 

% 


Fig. 380. — Lipogenys gUlii, (After Goode and Bean.) 

Pam. 4. Notacanthidae. — ^Body elongate, covered with very 
small cycloid scales, the tail tapering to a point, without caudal 
fin; head scaly; mouth small, inferior, bordered by the prae- 
maxillaries only ; jaws toothed ; no suborbitals ; praeoperculum 
small; post -temporal replaced by ligament. Dorsal fin formed 
of a series of short disconnected spines ; anal very long, formed 
partly of spines and partly of soft rays, extending to the end 
of the tail Ventrals with 1 to 5 spines and 7 to 10 sdfb 
rays. 
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Two genera: Notacanthus, with the ventrals connate or 
confluent and with 6 to 12 dorsal spines; and Polyacanthonotus, 
with the ventrals separated and 27 to 38 dorsal spines. Nine 
species, from the Mediterranean, the Atlantic, and the Pacific, 
at depths of 400 to 1875 fathoms. 



Fig. 381 . — Notacanthus lonaparhi, J nat. size (After Vaillant.) 


Fam. 5. Fierasferidae. — ^Body elongate or extremely attenu- 
ate, naked, the tail tapering to a point or truncate, without 
distinct caudal fin , mouth small, inferior, bordered by the prae- 
maxillaries ; jaws toothed , no suborbitals , praeoperculum well 
developed. Dorsal and anal fins very long, extending to the 
end of the tail, and formed entirely of soft rays. Yentral 
fins absent. Vent situated immediately behind the gill-open- 
ing Air-bladder with a muscular apparatus for dilatation of 
its anterior part. 

A single genus, Fierasfer, with about 10 species, distributed 
over nearly all the warm and tropical seas, rarely found as far 
north as the west coast of Ireland. Fnchehophis, without 
pectoral fins, is the larval form of F'lerasfer. 

Fierasfer spends the greater part of its existence in the 
interior of Holothurians and other Echinoderm^ as weU as in 
bivalve Mollusca. It has been observed to enter Holothurians 
by the posterior or anal aperture, either head first or tail 
foremost, in the latter case availing itself of the suction which 
taJces place alternately with the expulsion of water by that 
orifice , it remains near the anus, from which it projects its 
head in search of food outside its host. It is neither a true 
parasite nor a commensal or mutualist, in the sense given to 
these terms by Van Beneden, but simply a lodger, “ inq^uilino,’" 
as Emery puts it. Semper, however, regards Fm}helioph%$ 
^ermicularis as a true paiasite, feeding on the viscera of the 
Holothurian in which it lives. Putnam has examined eight 
specirp-ens of a Fierasfer from the Bay of Panama, which were 
obtained alive from pearl oysters, and also one beautifully 
ftjn vn 2 s 
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enclosed in a pearly covering deposited upon it by the oyster, 
a similar specimen is preserved in the British Museum. 



Tig. 382 . — Fimisfer acus, penetrating into Holotliurians, g iiat. size. (After Emery.) 


Sub-Order 7. Catosteomi. 

Air-bladder, if present, without open duct. Parietal bones, if 
present, separated by the supraoccipital. Pectoral arch suspended 
from the skull, no mesocoracoid arch; coracoid usually very 
large. Ventral fins, if present, abdominal, or pelvis attached to 
the coracoid bones. 

" The mouth is small and bordered by the praemaxillaries or 
by the praemaxillaries and a small portion of the maxillaries. 
The air-bladder is present, except in the Solenostomidae and 
Pegasidae. 

PoUowing the suggestions of Kner and Steindachner and 
Cope to their logical conclusion, A. S. Woodward, in his valuable 
catalogue of the Possil Pishes in the British Museum, has 
united the Lophobranchs of Cuvier with the Hemibranchs of 
Cope, a course which seems fully justified, and has received 
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fulthei suppoit fiom the lecent investigations of Swinneiton/ 
who has piopobed to unite the two gioups undei the new 
name of Thoracostei The name Phthinobianchii has also 
been suggested by 0 P Hay for the same association The 
stiucture of the Lophobianchs (Solenostomidae and &yngnathidae) 
shows that these fishes aie only extremely specialised foims ot 
the group of which the Sticklebacks aie the well-known type 
and the chaiactei of the tufted ’ gills alone is suiely not ot 
sufficiently great impoitance to wanant the retention of the 
Lophobranchii as a division equivalent to the sub-ordeis adopted 
in the piesenc clast)ification Besides, as lecently pointed out by 
A Huot,^ theie is no fundamental difference, but only one of 
degree, between the so called tufted gill and the noimal type, 
each tuft coiiesponds to one hianchial lamella, and at a ceitain 
stage of development the disposition of the hianchial lamella is 
the same in a Hyngnatlius and in an ordinary Teleostean I 
have recently attempted to show® that the Lampndidae aie 
lelated to the Hemibianchii, although sufficiently distinct to 
wairant the establishment ot a division, named Selenichthyes ^ 

SYNOPblb or THE FAMILIES 

1 Praeopeiouliun and symplectio distinct, branchial apparatus fully 
developed , gills pectinated , mouth terminal, toothless , post temporal 
forked, free , pelvic bones connected with scapular arch , vential fins with 
15 to lY lays , ribs long, sessile , fins without spines (Selenichthttes) 

1 Lampndidae 

II PiaeopeiCLiliiiu and symplectic distinct, lattei much elongate, 
branchial apparatus moie 01 less reduced , gills pectinate , post tempoial 
simple, immovable , mouth terminal (Hbmibranohii) 

A Mouth toothed 

1 Pelvic bones usually connected with scapular arch , spinous 
doisal represented by isolated spines 

Snout conical or but slightly tubiform , ventral fins with 1 spine and 1 or 

2 soft rays , ribs slender, free , anteiior 'v ertebrae not enlarged 

2 Gastrosfeidae 


^ Qua-) t Journ Micr Soi xlv 1902, p 503 
” Ann Nai (8), xiv 1902, p 197 
Ann Mag Nat JBM (7) x 1902 p 147 
^ E C Stalks, in an important paper on **The Shouldei Gndle and Oharac 
teristio Osteology of the Hemibianchiate Fishes ' {Troc TI S Nat Mus xw 1902, 
p 619), has shown that the so called infraclavicle of Sticklebacks and allies does not 
exist as a distinct element The defimtion of the Catosteomi, as I had originally 
drawn it up, has accordingly had to be modified 
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Snout tubitoim central fins with 1 ^pine and 4 soft la}'**, iibs flattened^ 
fused 'With the latcial bony shields, aiiteiioi 'satel lae not cnlaiged 

3 Aidoihyntlvidtte 

Snout tubiform , ribs slendei, fiee , first veitcbi i cnl iigcd 

1 P)otosyng7iatludae 

2 Pelvic bones not connected 'with scapulai aich , centrals 
without spine, 'with 5 oi 6 lays , snout tubifoim , first 
vertebra veiy elongate, foimed b} the fusion ol seveial 
Isolated dorsal spines , body scaly 5 Aulo^tomahdae 

No dorsal spines , body naked 6 Fistiila7ndae 

B Mouth toothless , snout tubifoim , two shoit doisal fin‘^, the first 
vith a few spines, vcntial fins with 3 to 5 ia}s, aiiteiior 
veitebiae elongate 

Body co\ ered with bony shields and small rough scales 

7 Gentnscidae 

Body completely cuirassed by bony shields which aie fused with the endo 
skeleton 8 Amphisihdae 

III Praeoperculum absent, symxfiectic much elongite, branchial 
apparatus more or less reduced, gill lamellae i educed in number and 
enlaiged, forming rounded lobes , post temporal simple, immovably attached 
to the skull , mouth toothless, at the end of a tubiform snout , bodj covered 
with bony plates (LoPHOBRiNOHii) 

Two dorsal fins, vential fins present, with 7 ia}s, gill openings wide, 
exoskeleton of large stai like plates 9 SolenostoTmdae 

A single dorsal fin , no ventral fins , giD. openings veiy small , exoskeleton 
in the form of rings 10 Syngnath%dae 

IV Praeopeiculum and symplectic absent , gills pectinated , mouth in 

fenoi, toothle'ss , body entiiely covered with bon} plates, -^ential fin 'with 
2 01 3 rays (Hypostojviides) 11 Pegasidat 

Fam 1. Lampndidae — Body shoit and deep, with minute 
scales Snout shoit , mouth toothless, bordered by the prae- 
maxillaries and, to a small extent, by the maxillaries , opercular 
bones well developed Grills four, pectmated , branchial appaiatus 
fully developed Post -temporal bone forked Vertebrae very 
numerous (21-1-25), without transverse piocesses, iibs strong, 
long Pins without spines , dorsal and anal elongate Pectoral 
fins with veiy shoit pterygials folding downwaids against the 
body Pelvic bones connected with the coracoids, which are 
very large, and do not form a suture at their ventral extremity 
Ventral fins with 15 to 17 rays 

The Opah or King-Pish (Lampo^s luna), the sole representative 
of this family, is remarkable for its large size (growing to a length 
of four feet) and its vivid colours Its flesh is nch, and inter- 
mediate between that of the Salmon and that of the Tunny It 
is a pelagic fish of wide distribution, known fiom the North 
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Atlantic and Mediteiranean and fiom distant points in tlie 
Pacific, specimens aie occasionally captmed on our coasts It 
feeds on other fish, hut little is known of its habits and nothing 
of its development 

The ahimties of the Lamj}r%d%da& aie veiy doubtful Lampih 
has usually been placed with the Acanthoptei}gians, a view which 
IS still upheld by Gill^ I now agiee with this high authoiity in 
legal ding the bone which I took foi an infraclavicle as a much 
developed coiacoid, and the bone termed by me the coiaeoid as 
a pteiygial But it has also been shown by Starks, that such 
a thing as an infiaclaMcle does not exist in the Stickleback, the 
bone so-called being only a part of the coracoid , and as in most 
of the Sticklebacks the pelvic bones join the latter, the lesemb- 
Icince between them and Lam;pTis remains. As I have pre^ louslj 
pointed out, the absence of spines m the fins, and the position of 
the ventral fins, togethei with the gieat numbei of lays in the 
lattei, which is only met with in the lowei Teleosteans, are 
characters which necessitate the removal of Lamp is from the 
Acanthopteiygians, and I cannot find a bettei place foi them 
than near the Gastiosteidae 

The whole question of the arxangement of the Physochsts 
with abdominal ventrals (Catosteomi and Peicesoces) is, I feel, 
much m need of revision, and it may be found advisable to 
break up this gioup into a greater numbei of sub-ordeis, m 
which case the Selenichthyes would stand by themselves, the 
Hemibranchii and Lophobianchii would be united undei the former 
name, as pioposed by Woodwaid, 01 under that of Thoiacostei 
(Swmneiton) or Phthmobianchii (Haj) The position in the 
system of the Pegasidae is still somewhat doubtful This family 
IS regarded by some authors as related to the mail-cheeked 
Acanthopterygians 

Fam. 2. Gastrosteidae. — Body more or less elongate, naked 
or protected by bony shields, tapeiing to a slender caudal 
peduncle Head moderate, with short or elongate and tubifoim 
snout, mouth small, teiminal, toothed, opercular bones well 
developed , suborbitals in contact with praeoperculum, piotectmg 
the cheek Gills four, pectmated Piaecaudal vertebrae with 
strong transverse processes and slender, free ribs Spinous dorsal 
represented by isolated spines. Pectoral fins with short ptery- 
1 P 70 C US Nat Mus \wi 1903, p 916 
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gials. Pelvic bones usually connected with scapular arch. 
Ventral fins with one spine and one or two soft rays. 



Fig 383. — Fectoral arcli (left side) ol ha^tioUem aculeafui, (After Parkei.) 
di Clavicle; coj, coracoid, pt, pterygials; sc, scapula; supia-davicle 


Pour genera: Gastrosteus, Apeltes, Siieaha, SpinaGhia, 

The little Three-spined and Two-spined Sticklebacks {Ga^tro- 
steus aculeatus and G. jpungitius), which include many varieties that 
have been regarded as distinct species, aie among the best known 
of our British Pishes. They are remarkable for the perfect indiffer- 
ence with which they can be transported from fresh into salt water, 
and vice versa, and for the elaborate nests which the males build 



Fig 384 . — Oaatrosteus aculeatus* x 1, (After Goode. ) 


in fresh or brackish water, and over which they watch with the 
greatest vigilance after the female has deposited her relatively 
large eggs.^ These nests are made of weeds and twigs fastened 
together by threads secreted by the kidneys of the male. The 

1 On the nesting habits, cf, Coste, M6m. Acad* Sd* Paris, x. 1848, p. 575, PI. ; 
Wanngton, Mag* Nat. Hist. (2) x. 1852, p. 276; Prince, Ann. Mag. Nat. 

ist. (5) xvi. 1885, p. 487, PI. xiv. On the spinning organ : Mobius, Arch. Mikr. 
Anat. XXV. 1886, p. 554, PI. xxii. 
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larger fifteen-spined Stickleback {Spinachia mdgaris) is entirely 
marine , its nests are to be found on our coasts in sheltered rock- 
pools, and they are made chiefly of sea-weeds and Hydrozoa. 
Sticklebacks are short-lived, and are believed to breed only once. 

The Gastrosteidae are restricted to the northern hemisphere, 
being more abundant in the higher latitudes, extending to Ice- 
land, Greenland, and Bering Straits, the southernmost points 
of their distribution are Algeria in the Old World, and Lower 
California in the New.^ 

A very large number of species have been described, but 
probably only about a dozen deserve to stand. 



Fam. 3. Aulorhynchidae — ^The genera Aulorhynchm and 
Auliscus, each with one species from the Northern Pacific, much 
resemble Spinachia in outward form and in the equal size of the 
anterior vertebrae, but the snout is still more produced, tubiform, 
and the ventral fins are formed of one spine and four soft rays 
The difference which justifies their separation as a distinct family 
resides in the disposition of the ribs, which are flattened and 
ankylosed to the lateral bony shields. 

Pam. 4. ProtosyngnatMdae. — This family appears to be 
intermediate between the Gastrosteidae and the Aulostomatidae, 
agreeing with the former in possessing slender, free ribs, with 
the latter in having the first vertebrae elongate, though to a 

^ Dr. Sauvage has described a G(istT0St6US but the locality is probably 

incorrect, as recent American works do not mention the occurrence of Sticklebacks 
in Texas. 
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less degree than in Aulostoma, Its only representative is 
ProtosyngnathiLS smmtrensis, from a Tertiary freshwater formation 
in Sumatra, which has been referred, without adequate grounds 
to Aulorhyncliihs or Auliscops? 

Fam. 5. Aulostomatidae. — Allied to the Aulorhynchidae, 
differing in the ventral fins devoid of spines, formed of 5 or 6 
rays, widely removed from the pectoral arcli, the very elongate, 
saddle-shaped anterior vertebra formed by the fusion of several, 
the large supratemporals produced backward over the anterior 
vertebra, the very elongate pterygials of the pectoral fin, and 
the compressed body covered with small ctenoid scales. Eibs 
are rudimentary or absent. Ho suborbitals. The snout is long, 
tubiform; the small terminal mouth bears l)ands of minute 
teeth, and the lower jaw has a small barbel at the symphysis. 
A single genus, Aulostoma, with two species from the Atlantic 
coasts of tropical America, and two from the Eocene and Miocene 
of Europe. A. coloratmn grows to a length of 26 inches. 

Fam. 6. Fistulariidae. — ^Body greatly elongate, naked. First 
vertebra much elongate, formed by the fusion of several ; strong 
transverse processes to the ribs in front and behind, those of two 
vertebrae suturally united ; ribs rudimentary or absent. Supra- 
temporal much produced posteriorly, extending over the anterior 
vertebrae ; suborbitals absent ; snout forming a long tube, which 
terminates in a narrow mouth with minute teeth. Spinous 
dorsal entirely absent. Pterygials of pectoral fin very elongate. 
Yentral fins very small, with 6 soft rays, inserted far behind the 
pectoral girdle. 

The Flute-mouths, Fistularia, which Dr. G-iinther describes as 
“ gigantic marine Sticklebacks living near the shore, from which 
they are frequently driven into the open sea,” are represented by 
three species, from the tropical and subtropical parts of the Atlantic 
and Indo-Pacific. The middle rays of the forked caudal fin are 
produced into a long filament. The largest species, talaccaria^ 
reaches a length of 6 feet. The same genus is represented by 
two species in the Upper Eocene and Oligocene of Europe, and 
TJroz'phm^ from the Upper Eocene, is regarded as allied to it. 

^ Protaulo^sis, from Monte Bolca, appears to me to belong to the Soombresocidae. 
The anterior vertebrae are equal in size ; long, slender ribs are present, the body 
is scaly, and the so-called infraelavioles are absent. The rostrum is so much 
crushed that no opinion can be formed as to its structure. 
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Fam. 7 Centriscidae — Body modeiately elongate, paitially 
enclosed in a bony aimour, which is distinct horn the endo- 
skeleton Anteiior \eitebra6 elongate, with stiong paiapophjses 
ankylosed to the exoskeleton, no iil)s Suboibitals absent, 
snont forming a long tube, with small, teiminal, toothless month 
Two dorsal fins, the anteiior with a \ery stiong spine Pteijgials 
of pectoral fin veiy small Vential fins small, with 4 or 5 
rays, the pelvic bones in contact with the postcld\ icles 

Cent'i iscus, with five species in the Atlantic and Pacific Oceans, 
lepresents this family at the piesent day C stolojxis has 
occasionally been found on the English coast Isolated spines 
fiom the Pliocene of Tuscany ha\e been lefeircd to the same 
genus JRJia iijliosus, from the Eocene of Monte Bolca, is behe\ed 
to have been allied to Gent'^tscus 

Fam 8 Amphisilidae — Hear the pieceding, but body 
extiemely compiessed and completely enclosed in a thin bony 
aimour which is fused with the endoskeleton , the caudal legion, 
much abbieviated, is free and lelegated to the \ential suiface, 
the body teimmatmg in the two dorsals, of whirh the fiist beais 
a strong spine The ventral fins are far back, veiy small, foimed 
of 3 01 4 rays 

Amplmile is repiesented by three or four lecent species in the 
Indian and Pacific Oceans, and two aie known from Uppei 
Eocene and Ohgocene beds in Euiope Dr Arthui Willey has 
obserA ed these fishes in the Southern Pacific A strigata “ lives 
in small shoals of about half-a-dozen individuals, and swims 
about with rapidity in a vertical position, cleaving the water 
with its razor-shaped body ” 

Fam. 9. Solenostomidae — ^Body moderately elongate, with 
laige star-like ossifications Anterior vertebiae elongate, without 
tiansverse processes , no iibs Snout much produced, tubifoim , 
mouth small, terminal, toothless , no piaeoperculum , symplectic 
elongate , gill-opening wide , gill-lamellae small lounded lobes 
Two short dorsal fins, the rays of the anterior not aiticulated, 
flexible spines Pterygials of pectoral fin veiy small Ventral 
fins large, with 7 rays, behind the pectoral arch Ho an -bladder 
The unique genus, SoUnostovms, with thiee or four species from 
the Indian and Pacific Oceans, may be regarded as m many 
respects intermediate between the Gentr%se%dae and the Syng%ath - 
'idae In the female the inner side of the ventral fins coalesces 
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■with the integuiuents of the body, foiiiiiiig a large pouch for the 
reception of the eggs. 

SoUnorhynahus, from the Upper Eocene of North Italy, 
probably belongs to this family, but its form is much more 
elongate, and the exoskeleton is in regular rings. 

Fam. 10. Syngnathidae, — Body more or less elongate, 
protected by an exoskeleton forming rings. Anterior vertebrae 
not elongate ; parapophyses strong, ankylosed to the exoskeleton ; 
no ribs. Snout much produced, tubifovm ; mouth small, terminal, 
toothless ; no praeoperculum ; symplectio elongate ; gill - cleft 
reduced to a very small opening near the upper posterior angle 
of the gUl-cover; gill-lamellae small rounded lobes. A single 
dorsal fin. Pectoral fins, if present, with very small pterygials ; 
ventrals absent. Caudal fin often absent ; tail sometimes 
prehensile. 



This family embraces about 175 marine species, and is 
represented over the greater part of the world. Principal genera : 
Siphonostoma, Syngnathus, FeMtofUryx, Iclithyocampiis, Nanno- 
cam/pus, Osphyolax, Uwcampus, Foryiclifhys, Coelonohis, Stigma- 
tophorus, NeropJhis, Protocampus, Gastrotoceus, Solenognathus, 
Hippocampus, Acentronura, Phyllopteryx. 

Eemains are found in the Upper Eocene and Miocene beds 
of Europe, and have been referred to SipJionostoma and Syngnatlius, 
and to the extinct genus Qalamostoma. It is probable that 
FseudosyngnatJvus, from the Upper Eocene of Monte Bolca, is the 
type of a distinct family. 

The best known members of this family are the Needle-Eish 
or Pipe-Fish (Siphonostoma and Syngnathus) and Sea-Horse 
(Hippocampus) of our coasts. The latter, like Amphisilc, swims 
with the body in a vertical position. In most species the male 
takes charge of the eggs, in a pouch under the tail (Siphonostoma, 
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Syngrmth'us, Penetoyieryx, Ncmnoccmpus, Sttgmatophoriis, Hippo- 
campus), in a groove under the tail {Phyllopieryx), or ui a groove 
on the abdomen (JDo^'yichtliys, Codonotus^ N&ropliis, Gastroioceus). 



Fig 387 . — Hippocampus guttulatus. 

Male, showing brood-pouch {mp) Fig. 388 . — Phyllopieryx eques. 

a, Anus , b a, branchial aperture. J nat size 



An Australian species of Syngnathiis has been described by 
E P. Eamsay under the name of S intestinalis, from its living 
inside Holothurians, in the manner of Fierasfer, and G. Lunel has 
observed a Bonjichthys to offer a similar instance of inquilmism 
One of the most remarkable types of Syngnathids is Phyllopieryx, 
from Australia. The spuies and knobs of the head and body are 
furnished with dermal appendages, which closely imitate the 
fucus among which they live. 

Fam. 11. Pegasidae. — ^Body short or moderately elongate, 
encased in an exoskeleton forming rings Anterior vertebrae 
not elongate, no ribs. Snout produced beyond the mouth, 
which is small, inferior, and toothless; no praeoperculum, no 
symplectic ; gill-opening very small ; gills pectmated. A single 
dorsal fin. Pectoral fins large, horizontal ; ventrals reduced to 
one or two filamentous rays, behind the scapular arch. Air- 
bladder absent. 
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bive 01 SIX species, leferable to two gentia, Pegasus and 
ParajgegasiLS, make up this fimily They aic ^ely small fishes, 
inhabiting the coasts of China, Japan, Aiabia, the Malay Aichi- 
pelago, and Australia Pegasus is lemaikable among all fishes 
ill having the five anterior i lys of the pectoial fin tiansfoiined 
into stiong spines 


Sub-Order 8. Percesoces. 

All -bladder, if present, without open duct Parietal bones 
sepal ated by the supraoccipital Pectoial aich suspended from 
the skull 5 no mesocoiacoid aich Vential fins, if piesent, abdo- 
minal, or at least with the pelvic bones not solidly attached to 
the clavicular aich. 

This group connects the Haplomi with the Acanthopterygii, 
the Scombresocidae bemg somewhat lelated to the Cypimodonts,^ 
whilst the Anabantidae show distinct atliiiity to the Osphio- 
inenidae in the following sub-ordei Othci families, previously 
mcluded among the Scombiifoim Acanthopteiygians, aie placed 
heie on the assumption that the loose attachment of the pelvic 
bones to the clavicles is a piimitive chaiactei, and not the result 
of degeneration, such as occurs m some cases among true Acan- 
thopteiygians Although this su 1 )-oidei is xieihaps only an 
artificial association, it must be borne in mind that, notwith- 
standing the \ery wide diveigence which exists between the fiist 
and last famihes, and however dissimilar their members may 
appear to be at first sight, a giadual passage may be traced con- 
necting the most aberiant types 

Synopsis of the Families. 

I Ventral fins, if present, mseited fai behind the pectoials , no spines to 
the fins 

Bibs attached to the extremity of much developed parapophyses , lower 
pharyngeal hones completely united , pectoral fins inserted very high up 

1 Scombresocidae 

^ S\unneiton {Quart J Mici Soi \ly 1902, p 551) has pointed out that the 
skull of the Stonibrcsoces belongs to what lif teims the Aciartete type {% e in 
which the attachment of the palatine caitilage or its deiivates is confined to the 
jire ethmoid cornua), whilst the other Peicesoces examined by him, as well as the 
Cypnnodonts aie Disaitete (the attachment being at the parethmoid and pre 
ethmoid cornua) , but the charactei is so indistinctly defined in some adult 
Cypnnodonts that I feel some diffidence m making use of this character for 
systematic purposes in the present state of our know ledge 
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Ribs mostly sessile, lowei phaiyngeal bones distinct; pectoial fins iieaier 
tlie ventral than tlio dorsal line . . 2. Ammodyhdae 

II Yential fins, if present, moie or less appioximated to tlie pectorals 
A Two well-de\ eloped dorsal fins, tlie anterior small and formed, 
at least in part, of spinons rays 
1. Ribs attaclied to strong parapopbyses 
Pelvic bones fiee or connected with, the clavicles by ligament, pectoral fins 
inserted high up . . . 3 Atlmmidae 

Pelvic bones suspended from the postclavicles ; pectoral fins inserted vei;y 
high up , teeth veiy feeble or absent . 4 Mugilulae 

Pehic bones suspended from the postclavicles, pectoral fins low dovii, 
with detached lower ra> s 5. Polynemidae 

Pelvic bones connected vith the clavicles by hgament, pectoral fins nearer 
the ventral than the dorsal hne , dentition powerful, cardiform , scales 
minute or absent ... 6 Ghiasmodontidae 

2 Anterior ribs sessile; pelvic bones not connected vith the 
scapular arch , pectoral fins nearer the vential than the 
dorsal line . . .7. Sphyraemdae 

B. Spmous dorsal, if present, connected vith the soft. 

1. Anterior vertebrae 'without parapophyses ; scales on head, if 

present, small 

Oesophagus with lateral sacs which are beset with papillae internally, 
spinous dorsal long , scales rhomboidal, in oblique transverse senes , pelvic 
bones free ... . . . 8. Tetragonuiidae 

Oesophagus with lateral sacs which are beset with toothed papillae internally , 
spinous dorsal, if distinct, shorter than the soft dorsal ; scales moderate or 
small, cycloid, often deciduous. . . 9 Stromateidae. 

No sacs in the oesophagus ; fins without spines ; scales very small or absent 

10 Icostezdae, 

2. All, or all but the anterior two vertebrae vith parapophyses ; 

scales on head large ; a superbranchial cavity. 

No spines to the fins 11. Ophiocephahdae 

Strong spines to the dorsal, anal, and ventral fins 12 Anabantidae. 

Fam. 1. Scombresocidae. — Maxillary entering the border 
of the upper jaw . dentition moderately strong or feeble. Lower 
pharyngeal bones united. Praecaudal vertebrae with strong 
parapophyses supporting the ribs. Body covered with cycloid 
scales. Pectoral fins inserted very high up ; ventral fins widely 
separated from the pectorals, without spines, with 6 rays. Doisal 
fin opposed to the anal, and likewise formed entirely of soft rays 
Air-bladder generally present, sometimes cellular. 

The shape of the head and body vary greatly, and the pectoral 
fin may reach an extraordinary wing-like development. The 
dorsal fin may be followed by a series of finlets, as in many of 
the Scombridae Most of the Scombresocidae, of which about 
200 species are known, are marine; some are carnivorous, 
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others {IIemirha'm])hus) mainly herbivorous, ieeding on green 
algae. Nearly all are in the habit of making great leaps out of 
the water, this tendency culminating in the Flying-Fish {Kvocoetus), 
which skip or sail thiough the air in a maimer the explanation 
of which has given rise to much controversy. According to the 
latest evidence ^ the sole source of motive power is the action of 
the strong tail while in the water; no force is ac(][uired while 
the fish is in the air. The pectorals are not used as wings but as 
parachutes. There is every passage between the small pectoral 
tin of a Saurie (Scomlresocc) or a HeMirhamphns and the swallow- 
like wings of the most developed JExococtus. The genus Hemi- 
cjcocoetas is a very remarkable connecting form. The Gar-Pike 
(Belone), of which one species is common on our coasts, have both 



Fro. 389. Gar-Pike {Belone anmdata), x J. (After Cuvier and Valenciennes.) 


jaws produced into a long slender beak ; the bones are green. 
In HemiTliamplius the lower jaw only is prolonged; some of the 
species, living in fresh water, are viviparous, the anal fin being 
modified into a copulatory organ, as in many Cyprinodonts. 

Scombresocidae occur in all the tropical and temperate seas. 
Belone, ScomlresoXj and Eemirhamphus are found in Upper Eocene 
and Miocene beds of Europe, and, as stated above, Frotaulopsis 
should perhaps be referred to this family. 

^ Kukenthal, Ahh, Senck. Ges, xxii. 1896, p. 9 ; Mdbiiis, Zeitschr. wiss, Zool. 
XXX. Suppl. 1878, p. 343, and Arch. Physiol. (Leipzig), 1889, p. 348 ; Jordan and 
Evermann, Fish. iV, Awer, p. 730. * 
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Fam. 2. Ammodytidae. — Maxillary excluded from the 
border of the upper jaw , mouth protractile , dentition feeble or 
absent. Lower pharyngeal bones sepai*ate. Praecaudal vertebrae 
without parapophyses Body covered with very small cycloid scales 
Pectoral fins nearer the ventral than the dorsal line, ventral 
fins, if present, widely separated from the pectorals, without spine, 
with 6 rays. Dorsal and anal fins more or less elongate, formed 
of soft rays. Air-bladder absent 

The existing genera, AinmodyU^, with 8 species, from the 
temperate coasts of the northern hemisphere, and Eypo]otychus, 
from northern Japan, with a single species, are deprived of 
ventral fins, and their exact relations remained obscure until the 
structure of the Oligocene CoUto^psis revealed their affinity to the 
Scomlresocidae, or at least their pertmence to the present sub- 
order. The Greater Sand-Eel or Launce (Aminodytes laoiceolatus) 
and the Lesser Sand-Eel (A. tobicmus) are common on our coasts, 
and are remarkable for the manner in which, by means of their 
sharp-pointed snout, they bury themselves with great rapidity in 
the sand, darting in and out like arrows. 



Fig 390 . — Colitopsis acuta, (Restoration by A. S Woodward.) 


Fam. 3. Atherinidae. — Maxillary excluded from the border 
of the upper j*aw ; dentition more or less developed. Body 
covered with cycloid or ctenoid scales. Eibs attached to strong 
parapophyses Pectoral fins inserted high up ; ventral fins more 
or less approximated to the pectorals, with one spine and five soft 
rays ; pelvic bones connected with the clavicular symphysis by a 
ligament. Two well-separated dorsal fins, the anterior small and 
formed, at least in part, of spinous rays. Air-bladder present. 

Carnivorous Fishes, mostly marine and of small size, much 
valued as food, and distributed along the coasts of most tropical 
and temperate seas ; some inhabit fresh waters. A silvery lateral 
band, or ''stole,” is usually present About 65 species are 
known, referred to 14 genera: Atherina, Iso, Glnrostoma, Thyrina, 
Atherinella, Labidesthes, Atherinopsis, Atherinops, Telmather'ina, 
Neatherina, Pseudomugil, Bhombatractus, Aida, Melanotae%%a, 
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Represented in the Uppei Eocene ol Euiope by several species 
of Atlie)ina and b} the extinct genus Eliumpliognathus 

Fam. 4. Mugilidae. — Maxillaiy excluded from the bordei 
of the upper jaw , dentition feeble 01 absent Body covered with 
cycloid scales Ribs attached to the extremity of stiong parapo- 
physes Pectoral fins inseited high up, vential fins more or 
less approximated to the peotoials, with one spine and fi\e soft 
lays , pelvic bones suspended from the post-clavicles Two well- 
separated doisal fins, the anterior formed ol a small number of 
spines Air-bladder present 

These Pishes aie closely related to the preceding, of which 
they aie a further specialisation, the pharyngeal bones having a 
complicated structure, much reducing the oesophageal opening, 
and the vertebrae being reduced in number (24 to 26 instead of 
32 to 60) They feed on organic matter contained in mud, and 
inhabit the fresh waters and coasts of the temperate and tropical 
regions. The species number about 100 Principal genera 
Mug%l, Myxus, Anostomus, Joturus Grey Mullets {Mugil) are 
represented on our coasts by three species, valued as food, one of 
which (if ca;pito) has a remarkably wide range, occurring from 
Scandinavia to the Cape of Good Hope Remains referred to the 
same genus occur in the Miocene and Oligocene 

Fam. 5. Polynemidae. — Maxillary excluded from the bordei 
of the upper jaw , dentition feeble Body covered with ctenoid 



Fig 391 — Shoulder girdle and pelvis of Polynenius gyuid'ixflxs cZ, Clavicle , cor 
coracoid ^ec, pectoral rays , pelvis , pterygials , ptcl^ post clavicle , pU 
post temporal sc, scapula , sc^ supra clavicle , ven, ventral rays 
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scales. Itibs attached to the extremity of strong parapophyses 
Pectoral fin inserted low down, with a lower portion consisting of 
free rays, the upper portion, or fin proper, attached to the 
scapula, the lower to a fenestrate bone wdiich appears to he 
formed by coalesced pterygials (Fig. 391,j^zJ). Ventral fin more 
or less approximated to the pectoral, with one spine and five soft 
rays , pelvic bones suspended from the post-clavicles. Two well- 
separated dorsal fins, the anterior formed of a small number of 
spines. Air-bladder, if present, very large. 

The vertebrae number 24 (10 + 14). 



Fig. 392 . — Polynetmis quadrifilis, (After Cuvier and Valenciennes.) 


Three closely allied genera: Folynevms, FentanenmiSj and 
Galeoides, with about 25 species, from the shores of tropical seas, 
often entering rivers. Some attain a length of 4 feet, and are 
valued as food or for the isinglass yielded by their am-bladder. 
The free pectoral filaments are organs of touch, and can be moved 
independently of the fins 

Fam. 6. Chiasmodontidae. — The deep-sea genera, CMas- 
modon, Fseudoscopelus, and Chamj^sodon^ which have been placed 
either with the Gadidae, the Trachinidae, or the Berycidae, may 
be referred to the Percesoces, as the pelvic fins have only a 
ligamentous connexion with the pectoral arch. Unfortunately, 
the skeleton has only been examined in Chamjosodon ; it is 
remarkably similar to that of the Atherinidae. As in Atherin- 
whthys, the posterior extremity of the air-bladder is protected by 
a bony sheath formed by the expanded ring-like haemal processes 
of the anterior caudal vertebrae. Vertebrae 32 (16 + 16), The 
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scales are absent or very snuill and sjnuulost*, the inoiith Lir^e, 
with cardifonii teeth; spinous dorsal short, S(>l‘t dorsal and anal 
elongate. Chiasmoilon and IWudo^^rojulus liavo a coniplieated 
system of sensory organs on the l)ody, which in t lie la IU t suggest 
the photophores of Sco])elids. CJuanjimloih rara^r is a Hsh of 
extreme voracity, swallowing pri‘y inut‘h larger I ban itself. Only 
four species of this fiimily are known. 

Fam. 7. Sphyraenidae. — Alaxillary excluded Ironi the border 
of the upper jaw; dentition very strong. Ibuly eoMued with 
cycloid scales. Anterior ribs sessile, the rest ins(U‘t(‘d on para- 
pophyses. Pecteal fin nearer the vtuitral than the dorsal out- 
line; ventral fin more or less approxiinattHl to tlu‘ ]K‘etoralj wdth 
1 spine and 5 soft rays; pelvis not eoniu‘eti‘d with the pectoral 
arch. Two well-separated dorsal fins, the anterior formed of a 
small number of spines. Air-bladder large. Yertt‘brat‘ 24. 

Carnivorous Pikc-like Marine Kislu's from the tro})ieal and 
sub-tropical seas, often found at the mouths of rivers. Tlie 
“ Barracudas ’’ form a single genus, with about 20 

species, the largest of which grow to 8 and ar(' dangerous to 
people bathing; many arc valued as food, but some are r(‘porte(l 
to be poisonous, at least at certain st*asons. Ifiunaius of several 
species are known from the Eoceiu^ and later ])t‘riods in Europe 
and North America. 

Pam. 8. Tetragonuridae. — JIaxillury excdiuled from the 
border of the upper jaw; dentition feeble. Oesophagus with 
lateral sacs which are beset with pai)illac inttuaially ; a series of 
gill-raker-like knobs below the pscudobranchiae. Body covered 
with rhomboidal, striated scales in obliipio transverse scuies, tliose 
of every single transverse series coherent. l{il)s mostly setssile. 
Pectoral fin nearer the ventral than the dorsal outline. Ventral 
fin with 1 spine and 5 soft rays, near the pt‘ctoral, but pelvis 
free from the pectoral arch. A long continuous dorsal fin, its 
anterior portion formed of numerous short spines. Air-bladder 
absent. Vertebrae 58. 

This family includes a single, rather rare fish, Tcti'ugonvms 
cumeri, from the Mediterranean and neighbouring parts of the 
Atlantic and the South Pacific. It is said to descend to great 
depths at certain seasons, and to feed on Medusae ; its flesh is 
poisonous. Young specimens have been observed by Emery to 
live in the respiratory cavity of large Salpae. 
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Fam. 9 . Stromateidae. — iiu hiding a unmber of 
forms ^ c 1 } tnihkt 7 % // mfonut in t xteiiml <ippeaiciiice; there is no 
doubt that lliis iamil^ , hulmito ijlaced near tlie hoombudae, is\ei7 
closcl} allied to the ])itHeding, ai’iveing \Mth it in the piesence 
of latoial oesopliaueal s,us beaiing intenially i)apillae (which aie 
besides beset with selhoiiii teeth\ and, in most geiieia, in the 
])iesence of a senes oi knobs, luoxe 01 Itss sumlai to gill-iakeis, 
below the ])seudobranchi<ie The pehio bones aie sometimes 
fiee fioiii the ])ectoi<d <iich, .is in the Tetiagomiiidae, sometimes 
moie closely aUaclunl hut only hy ligament, and movalde. The 
piincipal diffeunce ii sides m the scales, winch aio always cycloid 
and usually ^ely simill and inoio or less deciduous, and 111 the 
spinous d01s.1l hciiig shoiter than the soft, or e\eii (piite ludi- 
ineutaiy. The \entials .ne somelinies absent The air-hladder is 
present or .ihscmk Tht‘ nuniher ol \(‘it(‘hiae v.iiies horn 24 to 4 G. 

Marine Fishes, jitd.igic 01 dec])-s(‘.i, let ding on Ciustaceans, 
Medus«ie, or the liy oi other hsh About 45 speues aie known, 
leterahle to 10 gerier.i* Ah/zo/zs', Cubu^jKs, l\niiS, Soioldla, 
Fbrnoj)tyis, Ci nti oh^ph Liras, AVroz/nzA //s*, and titfanmat- 

eoulcs. M«uiy of tlu‘ spc‘cies Inno awidc distiilmtion, but are 
laie ill collections.' The Tdack-Pish {(\ ntidoph'iis ?nz/n) and 
its close ally C hniannit zzv,and the Jhidder-Kish {Lirus pt'iciform'is 
and L. zz/o/zz.seyz/zzz//zz.'»}, h<i\(‘ oecuned, at lare inteivaLs, on the 
Biitish coiists. The StKunateid.io were rejiresented by seveial 
species 111 tlu‘ (het.u eous {PJatiftormus and Jlomosoma) 

The widely distnbuted Aa/z/#zz,s‘ yronovn, so remaikable for its 
enormous ventral fins, folding in <i \ential groove, has been 
obsei\ed 111 ATwv South Wales to bo only found on tlie coast 
when the Sijdionoplioies cjilh'd '' rortugueso Men-of-War'' or 
Fhjsaha aio druen ashou*, tho fisli swimming beneath them, as 
the young aio in the habit of doing under Medusae. As 

observed by AV<iitcs“ tho benelit of such a partnership must 
piimaiily 1)0 with the fish, for it is a voluntaiy agent, whereas 
the Fhysahalim no power of locomotion. '^If the fish secures 
safety fiom its ononiies liy entering tho area embraced by the 
deadly tcnhicles of the Fhysidia, which attain a length of 10 to 

^ A lOMsion of tlieso fishes has recently been published by C. T. Began in A%%. 
Mag, Mat m<fL (7) x. 1902, p 115. 

® Il€c Austtnh Mu$, iv. 1901, p 40. Cf. also S Garinan, Labor, JJrm, 
Io%ua, IV. 1896, p 81. 
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12 feet, it must be inmuiue to thoir intlueneo: a remarkable 
condition, considering that small fish have often been seen in 
their stomachs and entangled in their t aitutdes/’ This observer 
adds: '‘It is probable that, in addition to protection, the tish 
derives its food from association with the Phifmlitt, much as does 
the Bemora in accompanying a shark. The PhymlUt doubtless 
paralyses many more animals than it c<ui consume — the residue 
falling to the lot of the fishes, which may be i)resent to the 
number of ten.” 

Fam. 10. Icosteidae. — The so-(*alled "Bag- Fishes,” in which the 
skeleton is quite soft and cartilaginous, are uberiMiit deep-sea 
forms evidently related to the Stromateidae ; they lack the 
oesophageal teeth and the processes of the last gill-arch, but 
Icosteus at least has the gill-raker-liko knobs below the pvseudo- 
branchiae. The pelvis is widely separated from the cbivicles. 
Spines are absent in the tins, and the body is naked or covered 
with small cycloid scales. Vertebrae in large number (up to 70). 

Icosteus, Ic%chthys, and Acroim, each with a single species, 
from the Pacific coast of North America. 



Fig. 393. — Icost&us eniffmaticu^, x (After Goode and Bean.) 


Fam. 11. Ophiocephalidae. — Maxillary excluded from the 
border of the upper jaw. Head and body covered with cycloid 
scales. Anterior ribs sessile, the remainder inserted on the para- 
pophyses. Pectoral fin low down ; ventral fin, if present, near 
the pectoral, with 6 soft rays ; pelvic bones connected with the 
clavicular symphysis by ligament. Dorsal and anal fins long, 
without spines. Air-bladder present, much elongate. 

These Fishes are provided with an accessory superbranchial 
cavity, and are able to breathe atmospheric air. All are inhabi- 


xxir 


PERCESOCES 


64 s 


tants of fresh waters and are carnivorous. Only two genera 
are known: with al)out 25 species from Eastern 

Asia and from Tropical Afi-icu, and Chttnnu, distinguished by 
the absence of ventral Jins, with 2 species from Ceylon and China. 



Fk.. Distnbntiou <if the* Ophiocephalitlae. 


Pam. 12. Anabantidae. — Differ from the preceding, to which 
they are (dosely relateul, in having part of the dorsal and anal 
fins and the onter V(‘ntral ray spinoun, and a shorter, Perch- 
like body coven'd with ctenoid scales. The accessory super- 
branchial organ is still more developed, with thin bony laminae, 
which are move or less folded and covered with a raucous 
membrane. These Fislies can live a long time out of water, and 
the name Anahaa mtmlenay or Climbing Perch, recalls the fact 
that its first observci*s in India ascribed to it the habit of 
climbing up low trees by moans of the spines with which its gill- 



Fio. 805* — Distribution of tbs Ansboatidfte* 
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covers and ventral fins are armed. This species, which attains a 
length of 8 inches, is found in estuaries and fresh waters of 
India, Ceylon, Burma, and the Malay Beniiisula and Archipelago ; 
3 other species occur in the Malay Archipelago, and 1 1 in Africa. 


Sub-Order 9. Anacantbini 

Air-bladder without open duct. Parietal bones separated by 
the supraoccipital ; prootic and exoccipital separated by the 
enlarged opisthotic. Pectoral arch suspended from the skull; 
no mesocoracoid arch. Ventral fins below or in front of the 
pectorals, the pelvic bones posterior to the clavicular symphysis 
and only loosely attached to it by ligament. 

Fins without spines ; caudal, if present, without expanded 
hypural, perfectly symmetrical, and supported by the neural and 
haemal spines of the posterior vertebrae and by basal bones 
similar to those supporting the dorsal and anal rays. This type 
of caudal fin must be regarded, as I have pointed out,^ as 
secondary, the Gadidae being, no doubt, derived from Fishes like 
the Macruridae, in which the homocercal fin had been lost. The 
scapular foramen or fenestra is nearly always between the 
scapular and coracoid bones, as in the Trachinidae and several 
allied families, not in the coracoid, as in the other Acantho- 
pterygians. The first two vertebrae have no epipleurals. 

Mr. 0. Tate Began, ^ who has recently given a good definition 
of the Anacanthini, divides them into three families. 



Fig. 396.— Skeleton of caudal fin of Gadus virens. 


^ Ann. Mag. McU. Mist. (7), x. 1902, p. 295. 


2 Ibid. (7), xi. 1903, p. 460. 
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Fam. 1. Macruridae. — Alouth more or less inferior, pro- 
tractile ; teeth small, none on palate. Anterior vertebrae with- 
out transverse processes, with tlm ribs sessile, the rest with strong 
transverse processes sui>porting the ribs, which themselves bear 
epipleurals. Gill -membranes free from isthmus or narrowly 
attached ; 6 or 7 branchxostegal rays ; gills 3^ or 4 , pseudo- 
branchiae rudimentary or absent. Yentral fins below the pec- 
torals, witli 7 to 1 2 rays. Body short, tail elongate and tapering 
to a point, without caudal fin. A short anterior dorsal, with a 
single simple ray, and a long dorsal and anal meeting together at 
the end of the tail, formed entirely of articulated rays — the two 
dorsals sometimes continuous {Ly conns). 

Deep-sea Fishes with very large eyes and small or rather large 
mouth, usually covered with rough spiny scales; a mental barbel 
is present, except in Zyronns, and the muciferous cavities of the 
skull are strongly developed, the bones being remarkably thin. 
About 120 species are known, some of which have a wide dis- 
tribution. Macrurids have been found in all the seas where 
deep-sea dredging has been practised — the greatest depth at 
which they liavo been obtained being 2650 fathoms. Principal 
genera: Maemms, Gadoinns (with perforate scapula) GorypKm- 
710 ides, llymcnoccphalns, Mcdacoeephalus, Lionurus, Tracliyrhyn- 
oh ns, Sfei ndach neria, IMh yyudus, Ly conus, Macruronus. A larval 
form of this family has received tlie name of Krolmim ; it is 
remarkable for the filamentous prolongation of the ventral rays, 
which recalls the larval Tmohyptems. 



Fig. 897. — carm,irwius, x (After Goode ) 


Pam. 2. Gadidae. — Mouth moderate or large, more or less 
protractile. Anterior vertebrae without transverse processes, 
with the ribs sessile, the rest with strong transverse processes, 
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usually supporting ribs,^ which themselves bear cpipleurals. 
Grill-membranes free from isthmus or narrowly attached ; 6 to 8 
branchiostegal rays ; gills 4, a slit behind the fourth ; no 
pseudobranchiae. Ventral fins jugular, with 1 to 0 soft rays. 
Body more or less elongate, covered with small cycloid scales. 
Dorsal and anal fins elongate, formed of articulated rays, some- 
times divided into two or three distinct portions. C^audal fin 
more or less distinct, supported by the unmodified or but slightly 
modified neural and haemal spines of the last vertebrae, which 
are perfectly symmetrical (diphycereal or isocercal typo). 

A mental barbel is often present, as in the Maeruridae, and 
the suture between the frontal hones has disa})])oared in most of 
the members of this very natural family. About 120 species are 
distinguished, mostly marine, many being adapted to life at great 
depths. All are carnivorous. They inhabit chiefly the northern 



Fm. 398. — Cod {Gadus morrhm), x J-. (After Goode.) 


seas, but many abyssal forms occur between the tropics and in 
the southern parts of the Atlantic and Pacifia Principal genera : 
Gadu$, MerlucciuSj Eolargyreus, Lotella^ Physiculus, P]iyciB, 
Salo^porphyrus, Trijpterojphycis, Lota, Molm, Onus, Bregmaceros, 
Antimora, Raniceps, Brosmius. 

Several species, referred to Gadvs and Brosmius, have been 
described from the Miocene. Nemojpteryx, which is allied to 
Gadus, is from the Oligocene. 

The fishes of this family are among the most important from 
an economic point of view. It will suffice to allude merely by 
name to the following among the European forms : — The Cod- 
Fish {Gadus morrhua), the largest species, reaching a length of 

^ In the very aberrant Hake {Uerhicdus) ribs are absent on tbe vertebrae bearing 
tbe strongly expanded, plate-like parapopliyses. 
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4 feet and a weight of 100 lbs., the Haddoek ((?. aeglefin-us), the 
Whiting (G. mei-lctni/tifi), the Bib or Bout (G. lusens), the Pollack 
(G. pollitehi-us), the Coal-Fish ((?. rinns), the Hake (iferteaws 
vidgaris), and the Ling (Mnlva riilgttm). Species of Merlucdus 
occur also on the coasts of Chili and of How Zealand. The 
Eoeklings (Onus or MoffUa) are of sinall size ; several species are 
of common occurrence in our tide-pools. The Burbot (Lota, 
vulgaris) is a freshwater fish, exceeding a length of 3 feet, of ex- 
cellent quality, but unfortunately local and rare in this country. 

Pam. 3. Mnraenolepididae. — Closely related to the Gadidae, 
from which they differ in not having a separate caudal fin, in 
the gill-openings being namnv and below the base of the 
pectorals, in the increased number (ten) of the pectoral pterygials,^ 
and in the peculiar scales, similar to those of the AnguilUdae. 
Tentrals with 5 rays. A mental barbel. 

A single genus, Muraenolepis, from tfm coast of Kerguelen 
Island. 

1 The increased nnnd)er of poctoral ptorygials has been regarded by Sagemehl 
{Morphol. Jakrb. k. 1885, p. 17) as iiidioating generalisation* and has been a great 
stumbling-block in his discussion of the affinities of Gpmnoius with the other 
Ostariophyai, and especially the Characinidae- The fact that the same feature is 
repeated in three such diatinct families as the Gyninotidae, Anguillidae, and 
Muraenolepididae, and occurs in genera which are in all other respects more 
specialised than their neighbours, goes far to prove that Sagemehl was mistaken 
in his interpretation of this character. 
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TELEOSTEI {COyThyCJUJl)) : ACANTIIOPTEUYGII — OPISTIIOMI — 
PEDICULATI — PLEOTO(iKATHI 

Sub-Order 10. Acauthopterygii. 

Air-bladder usually without open duct. Opercle well de- 
veloped ; supraoccipital in contact with the frontals. Pectoral 
arch suspended from the skull ; no mesocoracoid. Ventral fins 
thoracic or jugular, more or less firmly attached to the clavi- 
cular arch. Gill-opening usually large, in front of the base of 
the pectoral fin. 

The character from which this sub-order, the most compre- 
hensive of the whole class, derives its name, viz. tlie presence of 
non-articulated, more or less pungent, rays in the dorsal and 
anal fins, is by no means universal, exceptions to the rule being 
numerous. The mouth is usually bordered by the premaxil- 
laries to the exclusion of the maxillarics, and if these should, by 
exception, enter the oral edge, they are always toothless. The 
ventral fins are sometimes inserted at some distance behind the 
base of the pectorals {EaplodactijUdae, Flatijcephalidae), in which 
case, however, this is due to the elongation of the pelvic bones, 
which are solidly attached to the clavicular arch. The sub-order 
is broken up into divisions, which follow in somewhat arbitrary 
order, the natural affinities being opposed to a linear arrange- 
ment ; the annexed diagram is intended to remedy this defect. 

Synopsis or the Divisions. 

I. No Buborbital stay, or procegs extending from the suborbital bones 
towards the praeoperoulum ; basis cranii double in the symmetrical forms. 
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Fig. 399, — Diagram showing prohahle relationship of the various groups to one 

iiuotlier. 

Primary shoulder-girdle composed of a perforate scapula and a coracoid ; of 
the four or five pterygials, or basal bones of the pectoral fins, only one or 
two are in contact with the coracoid ; ventral fins tlioracic. 

Rays of tlie caudal fin not strongly forked at the base; hypural usually 
with a basal spine or knob-like process on each side; exnpleural bones 
usually inserted on the parapox>hy«<^ or on the rilis ; dorsal fin usually 
with strong spines ; caudal i>eduncle rarely much constricted 

I. PEEOIFOIWaiS. 

Rays of the caudal fin strongly forked at the base, embracing a considerable 
portion of the hypural, which always bears a basal spine ; epipleural bones 
usually inserted on the centra or on the parapophyses, rarely on the nbs ; 
dorsal spines feeble or detached ; caudal i)eduncle much constricted ; 
scales usually very small or al)sent . . .11. Soombeifoumks. 
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Rays of tlie (Jaudal Ihi not strongly furkcil at the l>ase ; ventral tins with one 
spine and six to eight soft rays, or rraiiiuni asyiuniot rical 

111. Zkorhombi. 

II. No suborbital stay; basis cranii double ; sciapula absent, the pterygials 
inserted on the coracoid ; ventral tins thoracic . IV. Ivuutiformes. 

III. No suborbital stay ; b.*isis cnuiii siinple ; S(;apula and coracoid more 
or less reduced, sometimes vestigial ; ]>terygials largis only one or two in 
contact with the coracoid ; vent ml tins thoracic . V. UoniiFOUMEs. 

lY. No suborhital stay; basis cranii simple; a ]>erforate scapula; three 
pterygials iu contact with the coracoid; ventral tins thoracic; a suctorial 
laminated disk on the upper surface of the lu^ad . VI. Disoocephali. 

V. A suborbital stay, the second suborbital bone more or less produced on 
the cheek or joining the i)raeoperculuni ; veiitrals thoracic 

VII. vSCLEROPAREL 

VI. No suborbital stay ; ventrals usually Jaigulai* or nieutal ; if thoracic, 
structure of the pectoral arch dilfering from that ascribed to the first five 
divisions of this Synopsis. 

Pectoral fin with vertical or subvertical base ; anal fin usually elongate, 

rarely small Vlll. Jugulares. 

Pectoral fin with horizontal or sub-horizontal base ; bo<ly exceedingly com- 
pressed ; doi’sal fin with all the rays simple ; anal fin absent or very 
small IX. Taeniosomi. 

Division L— PEECIFORMEH. 

No bony stay for the praeopcrcultiin. Ihisis cranii double. 
Spinous dorsal usually well developed. None of the epipleural 
bones attached to the centra of the vertebrae in the praecaudal 
region. Pectoral arch with well-developed scapula and coracoid, 
the former pierced hy a foramen or fenestra; ])terygials longer 
than broad, more or less regularly hour-glass-shaped, four or five 
ill number, one or two of which are in contact with the coracoid. 
Ventral fins thoracic. 

This large group, consisting chiefly of marine forms, has 
members in all parts of the world, with the exception of the 
Arctic and Antarctic regions, and was already represented by 
numerous Berycidae and a few Serranidae and Scorpididae in 
the Upper Cretaceous. The division into families is a task of 
considerable difficulty, and the necessities of a linear arrangement 
result in the breaking up of some natural sequences. Thus it 
appears highly probable that the Scorpididae, themselves derived, 
together with the Serranidae, from the Berycidae, lead to the 
Oarangidae in the division Scombriformes, whilst a nearly perfect 
passage can be traced between the Acanthuridae of this division 
and the Balistidae among the Plectognaths. 
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Synopsis of the Families. 

I Gills four, a slit behind the fourth. 

' A. Two nostrils on each side. 

1, Veiitrals with 1 spine and 6 to 13 soft rays. 

1. Beiyndae 

2 Yentrals with not more than 5 soft myh. 

a. Loner ]>haryngeal hones not coiiiiMetely united, showing at 
least a median suture. 

a. Gill-memhranes iieaily ahvays free from isthmus. 

* VentiaLs little if at all behind the pectorals. 

t Thii'fl vertebra without transveise processes or with 
seasile ribs. 

§ A more or less developed suhocular shelf, or inner 
lamina of the suhorhitals supporting the eye-hall, 
homel lines reduced to a mere process of the 
second suhorbital. 

II Ribs inserted on the transvei'se processes, wdien 

these are developed. 

Body covered wuth very large bony scales; vent mis with a very strong spine 
and 2 or 3 veiy short soft rays . , ,2. Muiiocentridae, 

Dorsal very short, wntli few graduated, adnate spines, anal very long 

3. Pmpheiidue 

Spinous dorsal usually w'ell developed, soft doml usually not much more 
developed than the anal ; palate usually toothed 

11. ^erranidae. 

Dorsal and anal fins elongate and formed mostly of articulated soft rays, the 
spines feeble and few . . . . ,12. Pseud ochrom%diilae. 

Dorsal and anal fins much elongate, wxlhont distinct s])ines ; body band- 
like ....... 13. Cqwhdae, 

Teeth in the jaws fused to form a beak . .14. HoplognatMdae, 

Soft dorsal and anal much elongate ; a separate si>iuous dorsal 

1 5. Waginidas, 

Soft doi’sal much longer than the anal ; a seijaiate spinous dorsal 

16, Bciafwidae, 

III Ribs mostly se.«»sile, behind the parapophyses ; 

body deep ; mouth moderately large and pro- 
tractile. 

Post-temporal forked, distinct from skull , . 26. Scorpididae. ^ 

Post-temporal completely ankylosed to the skull ; mouth very protractile 

26. Caproidae, 

^ No suhocular shelf 

II Ribs mostly sessile, behind the parapophyses; 
anal spines 3 to 14. 

Teeth conical , palate toothed ; mouth feebly pruti*aotile 

4. GmtrarMdae. 

Teeth incisor-like ; fins densely scahid . . 5. Cyphosidae. 

Teeth conical ; palate toothless . . . .6. Lohotidae. 

Maxillary very slender ; mouth very protractile , 7. TooDotida^ 

No entopterygoid ; mouth very protractile , . 8. Nandidae. 



6S4 


TELKOSTF.I 


CHAP. 


nil Eibs uisorted on tbo traiisvem' processes wlien these 
aiH* (leYi‘l<»petl ; not iuort‘ than 3 anal Sonnes. 
Mouth not or but feebly protractile ; Kpiiu>us dorsal ns^ially longer than 
the soft ; anal with 1 or hiunea . . . 9. PnTidue. 

Mouth moderately i)rotraclile ; i>a]ate toothe<l ; si>iiious dorsal not longer 
than the soft; anal with or 3 spines . . 10. Aeny^ximatidae. 

Mouth very protractile; ])alaie tutdliless ; praeinaxillary with an upwardly- 
directed lateral process . . . . .17. Gcrridat', 

Mouth moderately protractile ; ]nilate toothed ; anal longer than soft dorsal ; 

body scaly . . • . • • .18. Lactariidae, 

Mouth moderately protractile ; palate toothless ; anal much longer than soft 

dorsal; body naked 10. Trichodontulae. 

ft Transveme. proceases developed on the third vertebra 
‘and bearing the ribs ; palate msiuilly toothless. 
iSTo subocular shelf; teeth small . . . :22. Priafipoinatidae, 

A Bubocular shelf ; teeth often largi*, either cutting in front or molar-like 
on the sides . . . . . . .23. ApaHdae. 

A subocular shelf; teeth very small or absent; a pair of barbels on the 
throat. . . . . . . .21. Midlidac. 

** Ventrals rather far behind the base of the pectorals; 
lower pectoral rays unbranched, often thickened ; no 
suhocular shelf. 

Anal fin nearly as long as the soft dorsal . .20. Latridulae. 

Anal fin much shorter than the soft domal , .21. Haplodact'Xjlidae. 

3, Gill-membrane.s attached to the isthmus. 

* Scales w'ell dev(doped ; vertebrae 24 or more. 

A subocular shelf ; mouth small; j)alate toothless 27. Chaetodontidae. 

No subocular shelf; mouth small; imlate toothless 28. Lrepmidae, 

Subocular shelf more or less developed ; a superbranchial resi)iratory organ 

31. Osphromenidae. 

** Scales minute ; mouth small ; verte)>rae 22 or 23. 
Post-temporal not distinctly forked ; vertebrae with strong transverse pro- 
cesses ; ventrals with 1 S]nne and 2 to 5 soft rays 29. Acanthuridae. 
Post-temporal forked ; vertebrae without transverse processes ; ventrals with 
2 spines and 3 soft rays botv'^een them . .30. Tmlhididae. 

b. Lower pharyngeals completely united into one bone, without 

median suture 32. MmUotocid,a,e. 

B. A single nostril on each side ; lower pharyngeal bones more or less 
completely united, hut with persistent suture; no subocmlar shelf; palate 

toothless 33. Cichlidae, 

II. Gills three and a half ; lower pharyngeals completely united into one 
bone, without median suture ; palate toothless. 

A single nostril on each side; teeth conical or incisor-like; a subocular 

shelf 34, Pomacentridae. 

Two nostrils on each side; anterior teeth usually strong and canine-like; 
teeth on pharyngeal bones conical or tubercular ; no subooular shelf 

36. Lahfidae, 

Two nostrils on each side ; anterior teeth more or less coalesced into a beak ; 
teeth on* pharyngeal hones flat, tessellated ; no subocular shelf 

36. Scandae, 
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Fam. 1. Berycidae. — One or se^eial of the suboibitals 
emitting an inteinal lamina suppoiting the eye, eutoptcrygoid 
piesent. Aiiteiior vertebiae without tiaiisverse i)rocesses , all or 
most of the ribs inserted on the tiaubveose processes wbeie these 
are developed. Two nostiils on eacdi suh*. Oill-inenibranes fiee 
from isthmus; 4 to 10 l>raudiiostegal iMys, gills 4, a slit 
behind the fourth; i)seudohranehiae. JA)wer pharyngeal bones 
sepaiate. Ventral lins with 1 si)inc and 6 to 13 soft rays 



This family is remaikahle for the retention of two archaic 
characters: the hirge number of rays to the ventral fins and the 
duct between the air-bladder and the digestive tract, the latter 
character is, however, not uiiiveiwil, and Ims only been found in 
two genera (Berj/x and lloJorcntrmn), The sealing of the body 
varies greatly, and so does th(‘ develoiunent of the spines in the 
vertical fins. Se\eral genera {Melamphaes, AnoidogaBter, Trach- 
'ichthySj etc.) have the head studded with large inuciferous cavities 
which are covered with a thin skin. The vent is usually situated 
far behind the ventral fm, Imt in Pimttrach'ichthys, a genus 
closely allied to Trachichfhys, it occuipies a more anterior position, 
between the ventrals, whilst in Aphredoderus it shifts still farther 
with age, opening on the tlircwit in the adult 

The Berycidae weie abumlantly rejiresented in Cretaceous 
deposits by Beryx and other genera more or leas closely related 
to hving forms, and they appear to have been the precursors of 
other Perciform Fishes. Almut 70 species, referred to 13 genera, 
are known to live at the present day, mostly at great depths, in 
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the seas nearly all over the woild. But one freshwater form is 
known, A^liTedodevvs sctyciixuSi tlie little Pirate Perch of North 
America, growing to 5 inches in length. The largest marine 
forms {B&ryx and Oepliyroleryx) measure from 1 to 2 feet. 

Eecent genera; Bmjx, JPohjmixia, Ajdnrdo dents, Melamphaes, 
Plectrormis, Scopelogadus, Anoplogaster, Caidolepis, TmcMchthys, 
Paratrachichthys, Gephyroberyx, Myripristis, Holocentrum, 



Fig. A.O>i,—EojplopteryxUwe^ienm. (Eestored by A. S. Woodward.) 


Possil genera : Sphenoccpliahis, Acrogastcr, PycnosUrinx, 
Hoplopteryx, from the Upper Cretaceous. ' Asincops, from the 
Eocene of North America, is supposed to he allied to Aphredo- 
derm, Beryx is represented by several species in the Upper 
Cretaceous, and Solocentrum occiu's in the Eocene and Miocene. 

Pam. 2. Monocentridae. — The single genus Monocentns, 
with two species, one from the seas of Japan, China, and India, 
and one from the South Pacific, is very nearly related to the 
Berycidae, but differs in the absence of ribs on the anterior six 
vertebrae, in the very large bony scales, forming together a coat 
of raail, and in the structure of the ventral fin, which is reduced 
to a strong spine and two or three very short soft rays. The 
spines of the dorsal fin are very strong and isolated. 

Pam. 3, Pempheridae. — The resemblance which the fishes 
united under this family bear to Beryx is very striking, and 
applies to the skeleton as well as to the external characters. But 
the ventral fins are formed of one spine and five soft rays, as 
in most Acanthopterygians, Bathyclupea agrees with Beryx in 



XXIII 


AC A XT HO I'TERVG 1 1 


6S7 

being possesned of au open duct to the uir-hLiddcr. About twehe 
species are known, itder.dde to four gonev.i : P( mpheris, Fampria- 
cantlnis, Xeope»ip/ici‘i% from the Indian, Pacilie, and tropical 
Atlantic Oceaua, and the deep-si-a JMIipilupca, from the Indian 
and Caribbean Seas, at depths of 145 to 411) fathoms 



Fig. 402. — 1*( t is miclU ri, ( Viter Jordan and Evormann.) 


Pam. 4. Oentrarchidae. — No fiubocular lamina of the sub- 
orbitali^,or suboeular felu^f , euto})ierygoid present; palate toothed; 
teeth conical. l^raeeaudal vertebrae with transverse processes 
from the third or fourth to the last ; ribs mostly sessile, behind 
the transverse processes. I'wo nostrils on each side. Gill-mem- 
branes free from istlinius ; 5 to 7 branchiostegal rays ; gills 4, 
a slit behind the fourth ; ])seudobranchiae more or less developed, 
often rudimentary or absent. Lower jdiaryngeal bones separate. 
Soft portion of dorsal liu not more developed tkan the anal, 
Carnivorous freshwater fishes, some entering brackish water. 
Many are known to build nests. Mostly inhabitants of North 
America, the best known being the Sun-Fishes and 

Black Bass {Micro 2 )tonL 8 ), stweral species of which have recently 
been introduced into continental Kurope. Principal gejiiexa: 
Fonoxys, Oentrarcfius, Ambloplif^H, (Itacruihryttus, 

Lepomts^ MasB07na, Kuhlia. Thirty-two siHieies axe known. 

Pam. 6. Cyphosidae. Herbivorous fishes, agreeing in their 
essential osteological churact(*rH with the preceding, diitobig in 
the incisor-like out(T tt^eth and densely-scaled Hus. Some 14 
species are known, from the Pacific and Indian Oceani, referable to 4 
genera : Cyphosm Ucrnmilla, ilediaimia. 

Ton Tii 2 tr 
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Pam. 6. Lobotidae. — As in CVnirarchidao, but transverse 
processes of vertebrae very short, and palate toothless. Two 
genera : LoloUs, with two species from the warm parts of the 
Indian and Pacific Oceans, the Mediterranean, and the Atlantic 
coast of America, and Datiiioidcs, with two species from the 
estuaries of the Ganges and the rivers of Purina, Siam, and the 
Malay Peninsula and Archipelago. 

Pam. 7. Toxotidae. — No subocular shelf ; eiitopterygoid 
present ; palate toothed ; mouth very protractile ; maxillary very 
slender. Eibs sessile, behind parapophyses which commence from 
the third vertebra. Two nostrils on each side. Gill-membranes 
free from isthmus ; 7 branchiostegal rays ; gills 4, a slit behind 
the fourth j pseudobranchiae present. Lower pharyngeal bones 
separate. Yentral fins with 1 spine and 5 soft rays. 

A single genus, ToxoteSy with 5 species from the fresh waters 
and coasts of the East Indies, N. Australia, Polynesia, and New 
Zeg^land. Toxotes jacidator derives its name from its habit of 
capturing insects flying near the surface of the water by shooting 
drops of water at them, a habit which it continues in captivity. 

Pam. 8. Nandidae. — No subocular shelf ; no eiitopterygoid; 
palate toothed; mouth very protractile. Praecaudal vertebrae 
with parapophyses from the 7th or 8th ; ribs mostly sessile, behind 
the parapophyses. Two nostrils on each side. Gill-membranes 
free from isthmus ; 6 branchiostegal rays ; gills 4, a slit behind 
the fourth ; pseudobranchiae absent. Lower pharyngeal bones 
separate. Soft portion of dorsal fin not more developed than 
the anal Ventral fins with 1 spine and 5 soft rays. 

Small carnivorous freshwater fishes, of which 14 species are 
known, referable to 6 genera : NandvSy Gatopray and Badin from 
South-Eastern Asia, Polycentropsis from West Africa, Polycentms 
and Monocirrm from South America. 

Pam. 9. Percidae. — No subocular lamina of the suborbitals ; 
entopterygoid present. Anterior vertebrae without transverse 
processes ; all or most of the ribs inserted on the transverse pro- 
cesses when these are developed. Two nostrils on each side. 
Mouth not or but feebly protractile. Gill-membranes free from 
the isthmus ; 6 to 8 branchiostegal rays ; gills 4, a slit behind 
the fourth ; pseudobranchiae more or less developed, often rudi- 
mentary, rarely absent. Lower pharyngeal bones separate. 
Soft portion of dorsal fin not very much more developed than 
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the anal, latter with 1 ci 2 spines only. Yuntrals with 1 spine 
and 5 soft rays. 

Embrace about 90 Ki)e<‘ieK from the freshwators of the 
hToitheru Hemis))here, referalde to 1 2 genera : Penu, Zueiopemt, 
Pemna, Ptlietitthniut, Clotrntrti, DipJcsimn, Ammo- 

co-ypta, OnjsUtUariit, Ahjnv, I'ort/riiKi, Afcnna. The Biiti&h 
repre.sentatiws of this family are the I’ercli {Ptmt Jlimutilis) 
and the Pope {Aecnnn cci'iiuk). The largest forms are the Pike- 
Perches or Sander {Liiciupercu) of Easlein Eurojie, Western Asia, 
and Noith America, which reach a length of 4 feet and are 
highly valued for the table. The Ameriean Barters {Btltmtorm 
and allies), on the other hand, are among the smallest fishes, but 
many are remarkable for their brilliant coloration. 

Fam. 10. Acropomatidae.- An ill-defincd grou]) of marine 
fishes, some deeji-sea, jilaced here iirovisionally as anneetant be- 
tween the Percidai' and the Seminidae (Poniatominae), diffenng 
from the latter in the absence of a subocular shelf. Spinous 
doisal short. 

About 28 species, mostly from the Pacific Ocean, distributed 
in 9 genera: Propoma, Xfniuhthyt^, Xenwys, Hynagt'ojis, Malac- 
iahthy.% Aeropoma, MditnaHtoiim, lijiiyonvs {Teleseops), Binolcstes. 

Fajn. 11. Serranidae. — Second .suborbital with an internal 
lamina supporting the globe of the eye; entopterygoid present; 
palate usually toothed. Anti'rior vertebrae without transverse 
processes, all or moat of the ribs inserted 'on the transverse 
processes where these are dovelo]iod. Two nostrils on each 
side. Gill-membranes free from isthmus; 0 or 7 brauchiostegal 
rays ; gills 4, a slit behind the fourth ; psoudobraiichiae usually 
present. Lower iiharyngeal bones usually separate. Soft portion 
of dorsal usually not mucli more dcvelojied than the anal 
Ventral fins with 1 spine and 5 (lurely 4) soft rays.' 

One of the largest families of fishes The principal genera 
may be grouped as follows : — 

Sberaninae. — Penu'hthys, PercHia, Lateolabrax, Niphon, 
Morone, Pereedates, Ctnuilntes, Mimiuaria, Sinipma, Goreop&rca, 
Acanthistii/B, Tracliypoma, CeiUrogtnys, Polyprion, Oligonis, 
Stereolepis, Pinoperea, Linpropomu, AulaeocfpJudus, Pleetropoma, 
Epiii^helus, Cromileptes, Paranthias, Perranus, Cervfropristes, 
Chelidopma, Gilhertiu, Onesioprrm, (Japrodon, AnthiaS) Callan- 
thias, Pseudoplesiops, Plesiops, Trojahinops. 
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Guakmistinae. — Grammistes, Ehijpticiis. riUACANTiiiNAE. — . 
rrUwctntlwSj Pseudoptiacantli us. Oenthopominae. Latcs, Psam- 
moperca, Gcntropomus. POMATOMINAE. — Pomatom us, ^comlmps. 
AjMBAssinae. — A'inhtissis. Ciiilodipterinae. — GJiiLodiptcrus, 
Apoyon. Lutjaninae. — Luijunus, Ghmcosoma, Then( 2 ) 0 )i, Hoplo- 
'pagr'us, Ptelis, Aprion, Ajihamts, Odo 7 itoncrfrs. ClliHHiTiNAE. — 
GMiites, Girrhitichtliis. VKm'Acmion^AK—Pe^itaceros, Pe^ita- 
cei^opsis, Histiopterus. 

The number of recent species amounts to about 550, the 
great majority’ of which are marine. 



Fia. 403. — Sea Perch {^Serranus cabnlla). x (After Cuvier aud Valenciennes.) 


The earliest fossil form is Prolates, from the Upper Cretaceous 
of France. Morone, Scrranus, Percichthys, Antldas, and Apogo^i 
are represented in Eocene and later strata. 

The range of the family is almost cosmopolitan ; few of the 
Marine Perches descend to any great depth. Some of the species 
of Stereolepis and Epinepliehis grow to a length of 6 to 10 feet. 
Several species of Sermnus (H. cahrilla, S. scrila, S. hepatus), 
inhabiting the Mediterranean and neighbouring parts of the 
Atlantic, and some Lutjamis are normally hermaphrodite. Some 
GMlodiptems and Apogon are remarkable for their nursing habits, 
the male sheltering the eggs in his mouth. 

The curious genera Anomalops and PhotoUepharon^ of each 
of which a single species is known from the Malay Archipelago 
and the South Pacific, have been made the types of a family, 
Anomalopidae, the systematic position of which remains un- 
certain since the osteological characters have not been examined. 
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They are remarka]>le for the movable tLi]) below the eye, bearinc* 
a liimiuous org<ni, tht‘ nature of whi(*h liaR recently l)een inve?>ti- 
gated by Max Web(U‘d 

^ Pam. 12. Pseudocliroinididae. — (losely allied to the Sei*- 
ramdae, and couiiocUhI with them through J^Iesioj^s and its 
allies. Dorsal and anal tins elongati' and formed mostly of 
articulated soft rays, the s])ines l)eing feeble and few. 

A. With two lateral lines. Ptn (Uvhlops 

B. With a singh‘ lattu'.il lin(‘ : Opif^thoynathUrS, Latilns, Cnulo- 

latilus, LophoUdilus, Puflij/muHtev, Jiathlmnella, 

Marine, mostly of small size, inhabiting the Atlantic, Indian, 
and Pacific Oceans About ^>0 species. One of the largest and 
best-known members of this family is the Tile-Kish {Lopholatlhf^ 
cliamadeimticeps), living upon the Ixittom of what is known as the 



Fig 404 . -Tile-Fish {LophMUvsi % \. Goode and B«an.) 


Gulf Stream slope, off tlu^ coast of New Kugland, where it was 
first observed in J879. Hero the wakT is normally comiiara- 
tively warm, coming as it does from the siqierlieated region of the 
Gulf of Mexico. I luring a series of unusually st‘vere gales in 1 8 8 2, 
this mass of water was ]uiHhod aside, as it were, and replaced by 
colder water. As a result, millions and millions of these fishes 
were killed, and their dead bodies literally (‘overod the surface of 
the sea for hundreds of stpiare miles. It was feared tliat the Tile- 
Fish was exterminated; this was not so, however, and the fish 
has reappeared in tolerable abundauc<* within the hist few years 
Pam. 13. Cepolidae. — Agree in essential characters with the 
preceding, but body band -like with very numerous vertebrae 
^ Fjxpetfitioiii lutrml 1902, p. 108. 
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(15 + 54), and very elongate dorsal and anal lins formed of soft 
rays, of which all except the first three dorsal and the fiist anal 
are articulated and branched. 

Although these fishes have hitherto been placed ne<ii the 
Blenniidae, the Gobiidae, or the Trachypteridae, they are nothing 
but extremely elongate Perches, and they stand in the same 
relation to the Serraiiidae as the Trichiuridae to the Carangidae 
and Scombridae. They hardly deserve to lank as a family 
distinct fiom the Pseudochromididae. 



Two genera, Ge^pola and Aca^ithocepoJa, with 10 species, from 
the Mediterranean and North-Eastern Atlantic, the Indian Ocean, 
and the Western Pacific. The Band-Fish (Gejpola rubescens), which 
is common in the Mediterranean, is sometimes found on the 
British coasts ; it grows to a foot and a half in length, and is 
remarkable for its bright red colour. 

Fam. 14. Hoplognathidae. — Characters of Serranidae, but 
teeth fused to form a beak as in Tetrodon ; palate toothless. 

Hoplognathus, with 4 species, from the Pacific Ocean. 

Pam. 15. Sillaginidae. — As in Serranidae, but soft dorsal 
and anal much elongate, as in Pseudochromididae, from which 
the Sillaginidae differ in the separate spinous dorsal. Palate 
toothed. Connecting the Serranidae and the Sciaenidae. 

Small Marine Fishes from the Indian and Pacific Oceans, 
ascending rivers. A single genus, Sillago, with about 1 0 species. 
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Fam. 16. Sciaenidae. — Also closely related to the Serranidae 
Dorsal fin with a short si)inous and a long soft portion, anal 
much shorter than the lat,te)*. ralate usually toothless 

A large family of a]»out 150 spt^eies, mostly marine Prin- 
cipal genera: Corvnut, OfoUthus, AncylodoTiy 

i^elris, Larimui^, Po(/oiU((S, fla/dotiofus, Pmhrnnf, Jiqvcs 

Many of these fishes reacdi a large size, and the fiesh of nearly 
all is esteemed. The ileagre uqtdla) is sometimes 

taken on our coast. The Drum {PogonUiH chramis) so called 
from the sounds which it produces, in common with many other 
Sciaenids, is remarkalile for having the lower pharyngeal bones 
united, as is also the case in the North American freshwater 
genus ffaplonotuH. air-bladder is usually large and compli- 

cated, provided with more or less numerous appendages. 

Fam. 17. Gerridae. — Agree in the character of the vertebral 
column with the Serranidae, hut differ in the absence of a sub- 
ocular shelf; the very i)rotractil(‘ mouth usually descends when 
protruded and the pracmaxillary emits an upward lateral pro- 
cess; palate toothless; lowin’ ])haryugeal lH)nes usually large and 
more or less completely coa linseed. 

About GO si)ecies of carnivorous, mostly small, fishes, from 
the tropical seas, referable to 5 genera : Gems^ JSqmhf, Gazza 
Fam. 18. Lactariidae. — lnterm(aliatcl)etween Serranidae and 
Trichodontidae. No suhocular shelf ; palate toothed ; branchio- 
stegalrays 7 ; scales small, cycloid, deciduous ; spinous dorsal short ; 
anal longer tlum the soft dimsal ; sciijmla with two foramina. 
ZactarinB dclientnlHB, from the (‘oasis of Southern Asia. 

Fam. 19. Trichodontidae. — Agree in the character of the 
vertebral column with the Serranidae, but have no subocular 
shelf ; body naked, and anal miudi longer than the soft dorsal , 
palate toothless , only 5 l>rjinclut>st.egal rays. 

Two genera, each with a single species, from the North 
Pacific, Trichodon and A/rtoseopm, bearing some resemblance to 
the Trachinidae, with which they have usually been associated. 

Fam. 20. Latrididae. — Marine Fishes intermediate between 
the Serranidae and the Haplodactylidae, agreeing with the former 
in the extent of the anal fm, which is nearly as long as the soft 
dorsal, and with the latter in the absence of a subocular shelf and 
the posterior position of the ventrals. A single genus, Zatris, 
with 3 or 4 species, from the coasts of Australia and New Zealand. 
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Fam. 21. Haplodactylidae. — No subociilar shelf ; entoptery- 
goid present; palate usually toothless. Vertebrae with trans- 
verse processes from the third or fourth ; all the ribs attached to 
the transverse processes when these are present; anterior epi- 
pleurals strong. Two nostrils on each side. Gill-membranes 
free from the isthmus; 5 or 6 branchiostegal rays; gills 4, a 
slit behind the fourth ; pseudobranchiae present. Lower pharyn- 
geal bones separate. Soft portion of the dorsal fin much more 
developed than the anal. Ventral fins with 1 spine and 5 soft 
rays, inserted far back behind the pectorals, the lower rays of 
which are simple and more or less thickened. 

This family embraces the genera IIa})1odactyhis, OhilodactyluB, 
GhironemuSj and Thfeptenus, with some 30 species from the seas of 
the Southern Hemisphere and Japan. They feed chiefly on crusta- 
ceans, molluscs, and other invertebrates living among sea-weed. 

Fam. 22, Pristipomatidae. — No subocular shelf ; entoptery- 
goid present; palate toothless. Vertebrae with transverse pro- 
cesses from the third; all the ribs attached to the transverse 
processes. Two nostrils on each side. Gill-membranes free from 
isthmus ; 5 to 7 branchiostegal rays ; gills 4, a slit behind 
the fourth; pseudobranchiae present. Lower pharyngeal bones 
separate. Ventral fins with 1 spine and 5 soft rays. 

Pristipoma, Haemulon, JDiagmmma, and Pentapus, distributed 
over all the tropical and subtropical seas, a few entering fresh 
waters. About 130 species are known. 

Fam. 23. Sparidae. — Second suborbital with an internal 
lamina supporting the globe of the eye ; entopterygoid present ; 
palate usually toothless ; teeth often either cutting in front, or 
molar-like on the sides. Vertebrae with transverse processes 
from the second or third ; all the ribs attached to the transverse 
processes. Two nostrils on each side. Gill-membranes free from 
isthmus; 5 to 7 branchiostegal rays; gills 4, a slit behind 
the fourth; pseudobranchiae present. Lower pharyngeal bones 
separate. Soft portion of dorsal fin not much more developed 
than the anal. Ventral fins with 1 spine and 5 soft rays. 

The Sea-Breams embrace some 200 species, distributed over 
the coasts of nearly the whole world. Some are herbivorous, but 
the majority are carnivorous. 

Principal genera : Soolopsis, JDentex, Synagris, Caesio, Ma^nat 
OUata, Melambapkes, Girella, Doydixodony GantharuSy 
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Orenide'tis, Pachymctopon, Diptcrodon, Sargus, Gharax, Letlmmis, 
Sphaerodoji, Spams, Pagrus, Pagellus. 

Abundantly represented m Eocene and Miocene beds by 
remains of Sargus, Spanfs, Pagncs, Pagellus, and by the extinct 
D-enera Gtenodentex, Sparnodus, and Tongonodoou Some species 
orow to a length of three feet, such as the “ Sheep’s-Head ” of 
North America, one of the best salt-water fishes of the United 
States, and the “ Schnapper ” {Spams unicolor), of Australia, also 
much esteemed. Some of the Atlantic and Mediterranean species 
of Box, Sargus, Gharax, Spams, and Pagellus are known to be 
normally, or at least very frequently, hermaphrodite 



Fig. 406 — Gilt -head Sea-Bream (Pagrus aumtus) A, its dentition. 
(Attei Cuvier and Valenciennes ) 


F&m. 24. MuUidae. — The ‘‘ Ked Mullets ” are very nearly 
related to the Sparidao, with which they agree in the structure 
of the vertebral column and the presence of a subocular shelf. 
They differ in the yery weak dentition, the presence of a pair of 
hyoid barbels, the reduced number (4) gf branchiostegal rays, 
and the double perforation of the scapula. Two short dorsal 
fins, remote from each other, the anterior with weak spines. 

Small marine and brackish-water fishes, feeding on animal- 
cules and decomposing matter; inhabitants of nearly all the 
tropical seas and extending to Northern Europe. About 50 
species are known, referred to 5 genera : Upeiieoides, Upeneichtliys, 
Mullus, Mulloides, and TJpeneus. 
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The British sx)ecies are Mullus harhafiffi and JL surmuletus, 
remarkable for their beautiful pink or red colour, and much 



Fig. 407. — Scapular arch of MuUics simmilefiih. d, Clavicle ; cor, coracoid ; pi, ptery- 
giaE ; ptd, post-clavicle ; pte^ post-teiuporal ; si, scapula ; 6r/, supra-scapula. 


valued on the market, although no longer held in the high 
estimation for which they were noted by tlie Homan 

Fam. 25. Scorpididae. — Second suborbital with an internal 
lamina supporting the globe of the eye ; entopterygoid present ; 
palate toothed. Eibs sessile, behind the parapophyses when these 
are present. Two nostrils on each side. Gill-membranes free 
from isthmus; 7 branchiostegal rays; gills 4, a slit behind 
the fourth ; ]Dseudobranchiae present. Lower pharyngeal bones 
separate. Ventral fins, if present, with 1 spine and 5 soft rays. 

This family embraces 12 species from the coasts of Africa, 
Southern Asia,* Australia, and New Zealand, referable to 5 genera: 
Scorpis, AtypicJithys, Atyposoma, Henoplosus, P$ettu$, The fish 
here figured {Psettus sebae, Fig. 408) is remarkable for the exces- 
sive depth of the body, which is greater than in any other species. 

Aipichthys, one of the few Acanthopterygian types known to 
have existed in the Cretaceous period, appears to belong to the 
family Scorpididae as here defined, and not to the Carangidae. 

Fam, 26. Caproidae. — Characters of Scorpididae, but supra- 
temporal completely ankylosed to the skull. 

The Boar-Fish {Capros aper) of the Atlantic and Mediter- 
ranean is occasionally found on our southern coasts, and is highly 
remarkable for the hair-like bristles with which its scales are 
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covered, an extreme exaggeration of the '' Ctenoid ” type The 
mouth is very protractile, and the verte])rae are only 22 or 23 in 
number. Aiihgonia, with a single species found at remote points 



111 the Atlantic, Pacific, and Indian Oceans, is probably allied to 
CajpTOB, with which it is believed to be connected through the 
fossil genus Pronniigoma, from the Upper Miocene of Croatia. 

Fam. 27. Ohaetodontidae. — Closely allied to and evidently 
derived from the more generalised types of the Scorpididae, 
differing in the attachment of the gill-membranes to the isthmus. 
Post-temporal more or less firmly united with the skull, some- 
times indistinctly bifurcate. Mouth small; palate toothless; 
soft portions of vertical fins usually covered with scales , ribs 
usually strong and blade-like ; body short and deep. 

A large group of about 200 marine carnivorous fishes from 
the tropics, mostly of small size, remarkable for their singular 
forms and markings and brilliant coloration. They are par- 
ticularly abundant about volcanic rocks and coral reefs. 
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An Atlantic species of Biihippus (E, fuhcr) is extremely 
remarkable, when adult, for an enormously enlarged globular 
bony mass on the back of the head, formed by hypertrophy of the 
frontal and supraoccipital bones. 

Principal genera : E 2 yJn;p}ms, Parapsettiis, l^^catophagus, Ghctc- 
todon, Chelnw, Heniochus, Holaciinthus, Pomacanfhus, Plutax. 

Chdetodon., Holacanthm, PoimcantJnis^ Ecatopliaf/us, Ephippus^ 
and Platax were represented in the Eocene of Europe. 

Pam. 28. Drepanidae. — The genus Drcpmic, with a single 
species from the Indian Ocean, is very (dostdy related to the 
* Ohaetodontidae, but it lacks the sul)ocular shelf, and it is distin- 
guished externally by the very elongate, falciform pectoral fin. 

Pam. 29. Acanthuridae. — A more or less developed sub- 
ocular shelf ; entopterygoid present. ‘ Mouth very small, not or 
but slightly protractile, the maxillary more or loss firmly attached 
or ankylosed to the praemaxillary ; teeth conical, bristle-like, or 
incisor-like. Palate toothless. Vertebrae 22 or 23, the prae- 
caudals with strong transverse processes eommoncing from the 
first ; ribs and epipleurals inserted on the transverse processes. 
Post-temporal not distinctly forked, ankylosed to the skull. Two 
nostrils on each side. Gill-membranes broadly attached to the 
isthmus ; 4 or 5 branchiostegal rays ; gills 4, a slit behind 
the fourth ; pseudobranchiae present. Lower pliaryngeal bones 
separate. Body covered with minute, often rough scales. Dorsal 
and anal fins elongate, with more or less strong spines. Yentrals 
with 1 spine and 2 to 5 soft rays. 

^ A family of about 80 species, mostly herbivorous, from the 
tropical seas, referred to 6 genera : Zanclm, OtenochaeUis, Acan^ 
th dries, Golocopus, Prionurus, Naseus, They form a connecting 
link between the Ohaetodontidae and the Plectognathi, 

Eemains from the Eocene of Europe have been referred to 
Zanclus, Acanthurus, and Ndseiis, and to the extinct genera 
Aidorhamphus md Apostasis. 

Pam. 30. Teuthididae. — Ho subocular shelf ; entopterygoid 
present. Mouth very small, beak-like, not protractile, with 
incisor-like teeth ; maxillary ankylosed to the praemaxillary. 
Palate toothless. Two nostrils on each side. Gill-membranes 
broadly attached to the isthmus ; 6 branchiostegal rays ; gills 
4, a slit behind the fourth ; pseudobranchiae present. Lower 
pharyngeal bones separate. Supratemporal forked. Vertebrae 
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23, with sessile ribs and no parapophyses, the epipleurals inserted 
on the ribs Body covered with very small scales. Vertical 
fins elongate, with strong spines, 5 or *7 in the anal. Ventrals 
with 2 spines and 3 soft rays between them 

A single recent genus, Tentliis, with about 30 species, herbivor- 
ous fishes from the Indian and Western Pacific Oceans, Accord- 
ing to Bottard ^ the sting from the spines of these fishes is much 
dreaded Arcliaeoteutlm, from the Oligocene of Switzerland. 

Fam. 31. Osphromenidae. — Second suborbital with a more or 
less developed internal lamina, entopterygoid present, palate 
toothed Most of the praecaudal vertebrae with transverse pro- 
cesses, to which the ribs are attached Two nostrils on each 
side Gill-membranes attached to isthmus; 4 to 6 branchio- 
stegal rays , gills 4, a slit behind the fourth , pseudobranchiae 
absent Lower pharyngeal bones separate. Vertical fins veiy 
variable in extent, the spines sometimes very numerous, some- 
times absent Ventral fins with not more than 5 soft rays, 
sometimes reduced to a filamentous ray A superbranchial re- 
spiratory organ, situated m a cavity above the gills. 

Freshwater fishes having much in common with the Anaban- 
tidae, and likewise confined to South-Eastern Asia and Africa. 
Only 22 species are known, referable to 7 genera: Eelostoma, 
Poly acanthus, Osjjhromenus, Trichoyastcr, L‘mioce].)halus, Betta, 
and Micracanthus. The latter, the only African representative 
of the family (one species from the Ogowe), hardly differs from 
the Malay genus Betta. Most of the Osphromenidae are notable 
as aquarium fishes. The largest species, the Gourami { Osjphro- 
'menus olfax), growing to a length of 2 feet, from the Malay 
Archipelago, is one of the best flavoured fishes of the Far East and 
has been acclimatised in India, the Guianas, and Mauritius. A 
domesticated variety of the Chinese Polyacanthus O'^ercularis, 
known as Macrojwdus 'ovridi-auratus, remarkable for the beauty 
of its form and colour, readily breeds in our aquariums. Like 
the Gourami, the male constructs a nest of air-bubbles, strengthened 
by a buccal secretion, and watches over the eggs and young. The 
little Betta, jpugnax, from South-Eastern Asia, derives its name from 
its excitable nature, which causes specimens to be kept by the 
Siamese in glass vessels where they engage in fights, special 
breeds being cultivated for the purpose. According to Cantor, 
^ Poissons vcnimeiMX (Paris, 1S89), p. 169. 
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the Siamese in 1840 were as infatuated w'ith the combats of 
these fishes as the Malays are with their cock-fights, and the 
licence to exhibit them was farmed, bringing in a considerable 
annual revenue to the king. 

Fam. 32. Embiotocidae. — Second suborbital with an internal 
lamina supporting the globe of the eye ; entopterygoid present ; 
palate toothless. Eibs sessile, above and behind the parapophyses, 
where these are present. Two nostrils on each side. Gill-mem- 
branes free from isthmus; 5 or 6 braiichiostegal rays; gills 4, 
a slit behind the fourth ; pseudobranchiae present. Lower 
pharyngeals united, with conical or pavement-like teeth. Anal 
fin, with three spines. Ventral fins with 1 spine and 5 soft rays. 



Fio. 409 . — Ditrma temminckiit from Japan, x J. (After Jordan.) 


Small or moderate-sized fishes inhabiting California and Japan, 
mostly marine, one species, however, inhabiting fresh waters, 
whilst another descends to a great depth. They feed mostly on 
crustaceans, but one genus (Ahcona) is herbivorous. The name 
“ Surf-Fishes,” by which theyare generally known, refers to the fact 
that most species are found in the surf along sandy beaches. All 
are viviparous in the strictest sense of the term, the young 
remaining for a long time closely packed in a sac-like enlarge- 
ment of the oviduct analogous to a uterus ; they are of relatively 
large size at birth, and quite similar in form to the parent, whilst 
at an earlier period they differ in having the vertical fins much 
more elevated. Twenty-four species are known.^ Principal genera : 
SystQT 0 cavfU 8 , Alcona, Oymatogaster, JEmhiotoca, Ditrema. 

Fam. 33. Oichlidae. — No subocular shelf; entopterygoid 

^ For recent accounts of the anatomy, embryology, and ethology, of. C. H. 
Eigenmann, Bull, U.S. Fish Comm, for 1892, p. 381, and Arch, FJntvjickelimgs- 
meek. iv. 1896, p. 125. 
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piesent , palate toothless , lower phaiyngeal bones inoie or less 
completely united, with median suture. Yeitebrae with para- 
pophyses from the thud ; iibs most frequently sessile or subsessile. 
A single nostril on each side. Gill~membranes free from isthmus , 
5 or 6 branchiostegal rays , gills 4, a slit behind the fourth . 
pseudobranchiae absent. Doisal fin, with numerous spines; anal 
with 3 spines or more. Ventral fins with 1 spine and 5 soft rays 
Fresh or brackish-water fishes, Tariable in form and dentition, 
some carnivorous, others chiefly herbivorous In some American 
forms (G%clilo.^ the males and females differ during the spawning 
season, the male developing a hump on the top of the head, which 



Fig 410 . — Tilapia from Lake Tanganyika ^ nat size. 


disappears afterwards Tiie eggs and young are cared for by the 
parents; either the male or the female, according to the species, 
sheltering them in the mouth or pharynx.^ These fishes, often 
designated as “ Chromides,” a name which pioperly pertains to 
members of the following family, inhabit Africa, Madagascar, 
Syria, India and Ceylon, and Central and South America, from 
Texas to Uruguay. About 45 genera are distinguished, based 
mostly on the number of anal spines and the dentition, which for 
variety of types is comparable to that of the Characinidae. Of 
these 45 genera, 30 are African 150 species are known from 
Africa (with Syria and Madagascar), 140 from America, and 3 
from India and Ceylon.^ Principal genera — African : Zampi-o- 
logus, Sermchromis, Parahlapia, X6notilap%a, Tropkevs, TUapia, 

^ It has recently been ascertained, on a laige number of specimens, that in the 
African species the female alone performs the buccal nuising duties, 

2 Of. Monograph by J. Pellegrin (Parili, 1904). 
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Asprotilajjia, Mretmod us, Plccod us, Pseud etropl us. American : 
Acai^a, Hey os, Hyyrogonus, Ciclda, CremcLolila, Ghactohranchus, 
Geophayus, Symphysodon, Pteroidiyllum. Tnclian : Ptroplus. 

No part of the world surpassea Lake Tanganyika in variety of 
generic and specitic types of Ciclilidae, the fish-faima of tliib 
great lake being in great majority made up of nieniLers of tliL 
family. 



Priscacara, from the Eocone of North America, is the only 
extinct genus which can be referred to this family. 

Fam. 34. Pomacentridae. — A subocular shelf ; entopterygoid 
present; palate toothless; teeth conical or incisor - like ; lower 
pharyngeals completely united into one bone. Verteljrae with 
transverse processes from the fourth or fifth ; ribs inserted on the 
transverse processes, when these are present. A single nostril 
on each side. Gill-membranes free from the isthmus; 6 to 7 
branchiostegal rays ; gills 3^ ; pseudobranchiae present. Dorsal 
fin elongate, with numeious strong spines; anal with 2 spines 
only. Ventral fins with 1 spine and 5 soft rays. 

Small fishes of the tropical and warm seas, resembling the 
Chaetodontidae in form q,nd mode of life, likewise usually 
of brilliant coloration ; in structural cliaracters intermediate 
between the Oichlidae and the Labridae. They feed chiefly on 
small marine animals, but the species with incisor-like teeth are 
entirely or mainly herbivorous. Over 150 species are knovm. 

Principal genera : Heliastes, Azurina, Amphiprion, Premnos, 
Pascyllus, Poinacentrus, GlypMdodon, Microspafliodon. 




XMII 


ACANTHOPTERYGII 


673 


The family is supposed to be represented in the Upper Eocene 
and Lower Miocene of Italy by the extinct genus Odontmis 

Fam. 35. Labridae. — No subocular shelf; entopterygoid 
present, palate toothless; anterior teeth of the jaws usually 
strong and canine-like, lateral teeth often soldered at the base ; 
lower pharyngeals completely united into one bone, with conical 
or tubercular teeth. Vertebrae with transverse processes from 
the third; all the ribs attached to the transverse processes. 
Lips thick. Two nostrils on each side. Gill-membranes free 
or joined to the nairow isthmus, 5 or 6 branchiostegal rays; 
gills three and a half; pseudobranchiae present. Dorsal fin 
elongate, with numerous, usually slender, spines. Ventral fins 
with 1 spine and 5 soft rays. 

The ‘'Wrasses’' form a large family of mostly brilliantly 
coloured marine fishes, inhabiting all the tropical and temperate 
coasts. Their regime is partially herbivorous, partially carnivorous. 




Fia. 412. — Upper and lower pharyngeal bones of Labrus macxdatus. 

About 400 species are known. Principal genera: Lalrus^ 
Tautoga, Malacojpterus, Ctenolabrus, Chaero^$, PlatychaeTojps, 
SeterochaeTops, Labrichthys, Gossyphus^ 0%rrhilabTus, CMhnuB, 
Bpilulus, AnampseSj Flatyglossus, Novacula, Juhs, Gomphosus, 
Ghiho, Got%s. 

Some of the members of this family have been observed to 
build nests for the protection of their eggs and young. These 
nests, in the European Labrus, are made of seaweeds, zoophytes, 
corals, broken shells, etc., and are the work of both the male 
and the female.^ It is also in this family that sleep was first' 
observed in fishes, and this has been fully verified by Mobius ^ 

^ Gerbe, et Mag. de Zool. xvi. 1864, p. 255. 

Zool. GarUn, 1867, p. 148. See also YerriU, Amer, Journ, Sd, (4) in. 1897, 
p. 136. 
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on LaiTUB rwjpestris in an aquarium, tlie fish seeking a sleeping 
place at night and laying itself down to rest on one side. 

As first pointed out by Gunther, the Laluddae found in 
temperate regions have a higher number (30 to 41) of vertebrae 
than those inhabiting the tropics (23 to 29), a rule which 
applies more or less to other families of Acanthopterygians. 
Eemains of Lalriis and Julis occur in the Eocene and Miocene 
of Europe. An allied fossil genus, Lalrodon, is represented by 
numerous species in Tertiary beds of Europe and North America. 
PhylloduSj Pgertonia, Flatylaemus, and Psmdosphaerodon, from 
the Eocene and Miocene, are referred, with doubt, to this family. 

Fam, 36. Scaridae. — Closely allied to the iireceding, with 
which they have usually been united, but differing in the more 
or less coalescent teeth, forming often a parrot -like beak, the 
lower pharyngeals united into a concave or spoon-shaped bone 
with flat, tessellated teeth ; and in the development of transverse 
processes from the first vertebra. Vertebrae 24 or 25. 

Curious, mostly brilliantly-coloured fishes of the tropical seas 
and the Mediterranean, especially abundant about coral-reefs. 

Parrot-Wrasses feed mostly on vegetable matter, corals, and 



Fig. 413. — Upper and lower pharyngeal bones of Sccmcs strongylocejohaXus, 

(After Jordan and Bvermann.) 

on hard-shelled Mollusca, for crushing which their dentition is 
well adapted. The largest reach a length of 4 feet. Some are 
much valued as food, whilst others are reputed poisonous. About 
110 species are known, referable to 8 genera: Gry^totowm^ 
(Calliodon), Galotomus, SpaHsoma, Scarus, Pseudoscarn^, Odax, 
Goridodax, Siphonognathus, The latter is very aberrant in shape; 
the head and body resembling those of a Pipe-Fish. 

Scarm is reported from the Eocene and Miocene of Europe. 
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Division II—SCOMBEIFOEMEa 

No bony stay for the praeopercle. Spinous dorsal, if distinct, 
formed of short or feeble, slender spines. Epipleurals usually 
attached to the centra when ribs are sessile, or to the para- 
pophyses of the vertebrae, rarely to the ribs. Pectoral arch 
similar to that of the Perciformes, but pterygials sometimes more 
abbreviated. Ventral fins thoracic. Caudal fin, if well developed, 
with very numerous rays deeply forked at the base. 

Although bound by natural ties, the series of families that 
cluster round the Mackerel offer so many modifications of 
structure that it is almost impossible to draw up a diagnosis 
differentiating every one of its members from the Perciformes, 
with which they are closely connected, and from which they 



Fig. 414. — Caudal fin of Sarda orimtalis, h.s^ HypuraJ spine, 

hardly deserve to be separated. Even after removing many 
genera which have been united with them by my predecessors, 
and which will now be found scattered among various groups of 
the system, no good definition of the Scombri formes can be 
given. The Mackerel and Horse-Mackerel are taken as the 
pattern -forms around which more or less aberrant types are 
located, types yet not so aberrant as to be traced back to these 
familiar forms through a number of intermediate grades. As 
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regards external features, it may be stated that the dorsal and anal 
spines, if present, are either weak and slender, or, if strong, short 
and detached ; the caudal peduncle is c<mstricted, and the caudal 
fin, if well developed, is usually deeply forked, and with the 
forked bases of the very ninnerous rays much longer than in 
most of the Perciformos, embracing at least a considerable portion 
of the expanded hy]niral ])ones, a charaett^r by wliich the Chaeto- 
dontidae, Acanthuridae, and several extinct types which have 
been placed vith the Carangidae are at once excluded. All are 
carnivorous and marine, and many arc ])elagic and of very wide 
distribution. No praetertiary members of this division, as here 
defined, have yet been found. 


Synopsis oi? the Families 

I. Praemaxillaries more or less protractihs not bealc-like ; scales small or 
absent, sometimes with enlarged lateral scutes ; spinous dorsal fin short or 
replaced by a series of isolated spines ; anal usually with one or two spines 
detached from the rest of the tin. 

Praecaudal vertebrae with transverse^ processes behind which the ribs 

are attached 1- Garangidae. 

Praecaudal vertebrae without well-developed parapophyses, ribs and 
epipleui-als inserted close, togetlun* on the centra 2. Ehachicentridae. 

II. Praemaxillaries not protractile; scjiles xisually small or absent; body 
more or less elongate ; dorsal fin elongate, single or divided, without free 
spines ; no free anal spines. 

A. Pseudobrancliiae present. 

Vertebrae without transverse processes ; soft dorsal fin longer than the 
spinous ; pectoral fins higli up the sides . 3. Scomhridae, 

Vertebrae ^without transverse i)rocesses ; soft dorsal fin shorter than 
the spinous, if the latter be distintd. ; pectoml fins low down the 

sxcles TricMundae. 

Vertebrae without transverse processes ; snout produced into a spear 

6. Hutiophondae> 

Vertebrae with transverse processes bearing the ribs ; snout produced 
into a sword ; no ventrals . . . -6. Xi^Kiidae. 

Vertebrae without transverse processes ; gill-membranes attached to 
isthmus ; dorsal and anal fins formed of unarticulated, widely set 
rays; dentition very feeble .... *7. LmcbrUae, 

B. Pseudobmnehiae absent; no well-developed transverse processes to the 
praecaudal vertebrae; the ribs and the epipleurals inserted doee 
together on the centra ; snout short and very deep 8. Goryphamidm. 

III. Praemaxillaries not protractile, or if slightly protractile, scales large; 

dorsal and anal fins elongate, without distinct spinoxis division; most 6f the 
praecaudal vertebrae with strong haemapophyses, to which the ribs are 
attached TiramidaB. 
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Fam. 1. Oarangidae. — Praemaxillanes more or less pro- 
tractile. Vertebrae 24 to 2G , ribs behind the parapophyses ; 
epipleurals on the parapophyses, rarely on the nbs.^ Body 
covered with small scales, or naked, often with enlarged scutes 
on each side of the body or of the tail , dorsal spines few, or 
slender or rudimentary , a more or less developed spine adnate 
to the soft portion of the anal, often preceded by a pair of spines 
separated from the rest of the fin. Pseudobranchiae usually 
present. Inhabitants of the seas of the temperate and tropical 
regions, many of the species having a very wide range. About 
150 species are known. 

Principal recent genera : CamTm, Ghloroscomlrus, Selene , 
2Iem^ Ajpolcctus, JSfematisUus, Seriolay Senohchthys, Naucrates, 
Tmchynotus^ Zalocys, Licliia, Paropsis, Gliorineinus. Species of 
Garanx, 3fem, and Seriola have been described from the Eocene 
and Miocene of Europe, in which occur also the fossil genera 
named VomeropsiSj ArcliacuSj Garangopsis, Garangodes, Puctor^ 
and ScmiophoTUS. 

The family is represented on our coasts by the common 
Horse-Mackerel, Gamnx truchurm The young of this species 
keep together in small bands in the neighbourhood of medusae, 
under which they seek shelter when disturbed. The Pilot-Eish, 
jSfaucrates ductoi', is a truly pelagic fish of wide distribution, 
which occasionally appears on our coasts, accompanying large 
sharks and ships. Much has been written on the marvellous 
habits of this little fish, which is said to lead the shark like 
a pilot, directing it to its food, in exchange for which services 
the pilot enjoys protection from the fear which the proximity of 
its formidable companion inspires to its enemies among other 
carnivorous fishes, and an al)undance of food from the shark's 
excrements.^ 

Pam. 2. Bhachicentridae. — Praemaxillaries slightly pro- 
tractile. Vertebrae 25 (11 + 14), without well - developed 
parapophyses ; ribs and epipleurals inserted close together on the 
centra. Body covered with very small scales ; a series of short 
isolated dorsal spines; soft dorsal and anal long; pectorals 

^ Nmerates. In this genus most of the epipleurals of the praecaudal region are 
inserted on the ribs, but the hinder ones are on the centra. 

^ Cf. Geotfroy, Am. du Mus. ix. 1807, p. 478 ; F. J. F. Meyen, um die 
Me, 1 . p 56 (1884). 
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inserted low down. A single genus, Ilhacliicenfrinn (Macate), 
with a single species from the coasts of the tropical and 
warmer parts of the Atlantic and of the Indian Ocean. 

Fam. 3. Scombridae. — Pracinaxillaries large, not protractile, 
heak-like. Vertebrae 30 to 50, without transverse inocesses, 
but some of the hinder ])raecaudals with haemal arches; ribs 
inserted on the centra or on the haemal arclies when these are 
present ; epipleurals all on the centra. Scales cycloid and usually 
very small (except in Gastroehisma), sometimes absent. A 
spinous dorsal fin formed of slender s])ines, folding into a sheath ; 
soft dorsal longer and broken up into finlets, similar to the anal; 
pectoral inserted high up the sides. Hypural bones completely 
embraced by the forked bases of the caudal rays. Pseudo- 
branchiae present. 



About 5 0 species, referred to the following genera : — Scomler, 
Awois, Thunnus, Sardn, Cyhivm, Acnyithocyhiim, Gffstrochisma 
(Zejoidothynnus). Numerous fossil representatives in Tertiary 
beds, belonging to Smnher, Auxis, Thvnnifs, Cylium^ and to the 
extinct genera Eotliynnvs, Isurichiliys, Palimidiye^, ScomlrimiSf 
Sfhymenodm, SoombmmpJiodon. 

These fishes, elegant in form and often in colour, are among 
the swiftest of the inhabitants of the sea. Home are migratory, 
like the Mackerel {Scomier scomlrus) of the North Atlantic, 
whilst others are remarkable for their wide distribution. The 
Tunny {Tlmnnus thynnus), for instance, the largest member of 
the family, reaching a length of 10 feet, inhabits the Atlantic, 
Pacific, and Indian Oceans, extending as far north as the British 
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seas, Newfoundlaiicl, Calitornia, and Japan. It supplies im- 
portant fisheries in Ihunce and Italy. The Tunnies are the only 
fish known to ho warm-blooded. 

Fam. 4. Trichinridae. — rraemaxillaries not protractile. 
Vertebrae :12 to I GO, without transverse processes , ribs sessile, 
on the centra or on the haemal arcdies when these are present ; 
epipleurals, if well develox)ed, on the centra. Scales very small 
or absent. Spinous portion of dorsal fin much longer than the 
soft, the spines more or less feeble. Pectoral fins inserted low 
down the sides. Psoudol)ranchiae present. 

The members of this family show a great variation in the 
shape of the body, which, although always strongly compressed, 
is not imlike that of a Mackerel in the more normal types, such 
as TliyTsites and Huvettiis, wdiilst, through a chain of genera, it 
generally assumes an extremely elongate form ; concurrently with 
this elongation of the body, the dorsal fin loses its differentiation 
into two portions, the ventrals become reduced and disappear, as 
in the Scabbard- or Frost-Pish {Lej^idojpm caudatus), while the 
caudal fin decreases in size, loses its fork-shape, and is finally 
lost in TricMunis, in which the body is ribbon-shaped and tapers 
to a point. 

About 25 species are known, pelagic and widely distributed, 
many descending to great dei)ths. 

Principal living genera : Itmetius^ Thyrsites^ Ujpinnula, JSfesi- 
arch%is, Nealotus, rromethicMliySj Bicrotus, Gempylus, Aphanopus, 
Lepidopus, JEuoxy7netopo n, JBenthodesmuSy JEupleurogrammus, 
Trichiurus, 

Eemains of several species referred to Tliyrsites, Zepidopus, 
and to the extinct genera Thyrsitocephalmy Hemithyrsites, and 
TrichiurichthySy have been found in the Ohgocene and Miocene of 
Europe. 

Fam. 6. Histioplioridae. — Praemaxillaries not protractile ; 
snout produced into a spear-shaped rostrum ; a praedentary bone , 
teeth minute. Body elongate, covered with small or rudimentary 
scales. Vertebrae 24 or 25, without transverse processes; ribs 
sessile ; no epipleurals. One or two dorsal fins, without a 
distinctly spinous portion. Pectoral fin low down the side. 
Pseudobranchiae present. 

The Sail-Fishes are large oceanic fishes, endowed with great 
strength and swiftness, occurring in the tropical and sub-tropical 
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seas. Pour or five species axe distiuguiblialile, and are referable 
to two genera: Eistio;pliorus, with a single dorsal fin and 2 or 3 
ventral rays, and TetTcijitiit'iis, with the dorsal divided into two 
parts and a single ventral ray.^ 

Fossil Histiophoridae are known from the Eocene and latei- 
beds in Europe and America. Dr. A. S. Woodward observes that 
the known fossils are too imperfect to be referred with certainty 
to their respective genera. Mo.st of them probably belong to 
EisiiophorKS, but at least one genus from the Eocene (JCipMo- 
rliymhus) appears to be well distinguished 




Fig. 416. — Tctra}-itwv>s helone., from tho Mc*(litoriauean. (After Cuvier and 
Valencieuaes.) , ^* 0 . 


The imperfectly known extinct family Palaeorli3nichidae, from 
the seas of the Eocene, Oligoceno, and TVIiocfine periods, with the 
genera PalaeoThyru'lius and Hemirhynohus, is ])robul>ly closely 
related to the Histiophoridae. The vertebrae iiumlHjr 50 to 60, 
and the ribs completely encircle the body. In PalacorliyMhm 
both jaws are equally produced into an ensiform weapon. 
Blochius, from the Eocene, with diamond-shaped, slightly over- 
lapping bony scutes on the body, is perhaps also to be placed 
near this family. 

^ For a detailed account of these fishes and of XipUiat^^ cf. Brown Gk^ode, Froc, 
U,S, JIus. iv. 1881, p. 416, and Rep. Fish Oomm,/, AV6Y/, im, p. 289. 
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Pam. 6. Xiphiidae. — Differs from the preceding in the 
absence of praedentary l)one, and in the vertebrae (2 6 in number), 
which in the praecaudal region are provided with short but well- 
developed transverse processes, to which the short ribs are 
attached. Ventral fins absent, the pectorals being inserted in 
•the place usually occupied by them. Adult without teeth or 
scales. 

A single species, the Sword-Fish {XipMas gladius), of nearly 
world- wide distribution, occurring occasionally on the coasts of 
Great Britain and Ireland. 

Pam. 7. Lu,varidae. — Mouth small, praemaxillaries not pro- 
tractile, with very feeble dentition. Gill-membranes attached to 
the isthmus. Vertebrae 23, without transverse processes; ribs 
blade-like, inserted on the centra ; no epipleurals. Body rough, 
with minute scales. Dorsal^ and anal fins elongate, formed of 
unarticulated, widely set rays. Pectoral fins inserted rather low 
down; ventrals much reduced, the two halves of the pelvis 
fused into a single bone. Supraclavicle fused with the forked 
post-temporal. Hypural bones completely embraced by the 
forked bases of the caudal rays. Pseudobranchiae present. 

LimmiB ivi;pcriahB, a rare pelagic fish from the Atlantic, 
Mediterranean, and Pacific, growing to a length of 6 feet, and 
occasionally captured on our coasts, is the only representative of 
this family. Very little is known of the habits of this strange 
fish. The excessive length of the intestines and the feeble 
dentition point to its feeding partly on vegetable matter, partly 
on minute animals ; the circumstances under which certain 
specimens were aiptured tend to indicate that they follow up 
streams of pelagic life such as engage the attention of the 
Basking Shark, of similar distribution. 

Pam. 8. Ooryphaenidae. — Praemaxillaries small, not pro- 
tractile. Vertebrae 30 to 33, without transverse processes; ribs 
and epipleurals attached close together on the centra. Body 
elongate ; scales small, cycloid or elongate lanceolate. Dorsal and 
anal fins much elongate, without distinct spines. Pectoral fins 
inserted rather low down the side. Pseudobranchiae absent. 

The '' Dolphins " {Oory^ha6na\ of which only two species can 
be distinguished, are large pelagic fishes, of carnivorous habits, 
pursuing the Flying-Fish. They grow to a length of 6 feet, and 
their flesh is much valued. Their deep head, with short snout, 
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and their long posteriorly attenuate body ending in a large 
forked caudal fin, give them a peculiar appearance. 

Fam, 9. Bramidae. — Praeniaxillaries small, not or but feebly 
protractile; maxillaries large, scaly. Vertebrae 42 to 47, the 
praecaudal without transverse processes, but mostly with hoemal 
arches to which the ribs are attached, the epipleurals being 
inserted on the centra. Body deep; scales moderate or large, 
strongly imbricate, with processes which, in certain parts at least, 
serve to connect the rows of scales. Dorsal and anal elongate, 
some or all of the rays simple, but not forming true spines. 
Pectoral inserted rather low down the side, freely movable 
upwards and downwards. Pseudobranchiae present. 

Pelagic fishes, often descending to great depths. About 12 
species are known,^ referable to 6 genera : Bmma, Tamctes^ 
PterycoTribuSy PteracliSy Benteniay and Steincgeria. TaracteSy often 
confounded with Bramay differs from it not only in the larger, 
keeled scales, but also in the protractile mouth and in the much 
greater development of most of the ribs, which form curved 
lamellae of great width.^ PteracHs is very remarkable for the 
enormous, sail-like dorsal and anal fins. 

Division III.— ZEORHOMBI. 

Aberrant, strongly compressed Perciformes, with very short 
praecaudal region, modified much as in the Flat-Fishes, culminat- 
ing in asymmetrical forms, and characterised by the combination 
of an increased number (7 to 9) of ventral rays, with absence 
of hypural spine (by which the Berycidae are excluded), or by 
asymmetry of the skull in the forms in which the spine of the 
ventral fin has been lost. 

Among the symmetrical forms, the existing Zeidae agree with 
the Berycidae in having more than five soft rays to the ventral 
fins, and are probably derived, together with the Eocene 
Amphistiidae, from some common ancestral group still to be 
discovered in Cretaceous beds. These Zeidae have much in 
common with the Pleuronectidae,® and might be regarded as 

^ Monographs by Lnnel, Soc. Phys. Gen^vOy xyiii. 1865, p. 165, and by 
Liitken, SpoUa, Atlanticay i. 1880, p. 491. 

2 Troschel, Sitzb, Ver, Preuss, Pheinl, sx. 1863, p. 61 {Prama raii and 
longipinnis), 

3 Cf. Tbilo, Zool, A%z, 1902, p. 805. 
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forming part of the family out of which the latrer have sprung, 
were it not that they have lost the last half-gill. A.mphist%uoifi 
is probably more nearly related to the Pleuronectidae, which may 
have been directly derived from the family of which it is as yet 
the only known representative^ 

This division embraces three families only : — 

A distinct spinous dorsal fin , anal spines detached from the soft portion ; 
a ventral spine ; gills three and a half, four shts between them 

1. Zeidae, 

Dorsal and anal spines few, continuous with, the soft rays , a ventral spine 

2, Amphishidae "f 

No spines ; cranium twisted in front, with the two orbits on one side ; 
gills 4, a slit behind the fourth ... 3 Pleuronectidae, 

Fam. 1. Zeidae. — No subocular shelf ; praemaxillaries strongly 
protractile. Gill-membranes free from isthmus , 7 or 8 branchio- 
stegal rays ; gills 3^ ; pseudobranchiae well developed. Lower 
pharyngeal bones separated. Vertebrae 30 to 46, the anterior 
with sessile ribs, the posterior praecaudals with long neural spines 
bent forwards and with transverse processes directed downwards, 
forming haemal arches and bearing the ribs at their extremity; 
epipleurals much reduced or absent ; hypural large, without the 
basal spine or knob present in most Perciformes and all Scombri- 
formes and Percesoces, bearing fewer than 20 rays. Dorsal and 
anal fins elongate, the former with a distinct spinous portion, the 
latter with 1 to 4 spines detached from the soft portion. 
Pectoral fin supported by 4 pterygials, of which 3 are in 
contact with the perforated scapular bone ; post-temporal forked 
and solidly attached to the skull. Ventral fin with 1 spine and 
6 to 8 soft rays. 

Scales small or minute, sometimes hard and rough and firmly 
joined in vertical series ; bony plates may be present along the 
base of the vertical fins. Air-bladder present. 

Twelve species are known from the Atlantic and Pacific Oceans, 
referable to 5 genera: Grammicolepis, Gyttus, Gyttojosis, Zenion, 
and Zeus. Oreosoma was founded on a young form of a fish 
allied to Cyttus. Eemains of Zeus occur in the Oligocene, and 
Gyttoides, from the same period, has been compared with Gyttus. 

The well-known John Dory {Zeus faher) is much valued for 
the table. 

1 Cf. Boulengor, Ann. Mag. Nat, Hist, (7), 1902, p. 295, and 0. B. Jji, Sci. 
cxxxvii. 1903, p. 523. t Extmct. 
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Pam. 2. Amphistiidae. — The only known representative of 
this family, the Upper Eocene jwracfoavoH, originally 
described as a Fleuroncctcs, has much in common with the Zeidae, 
from which it differs in the smaller rnunbor of vertebrae (10 + 
14), and in the dorsal and anal spines being more reduced, aclnate 
and continuous with the senes of soft rays ; the scales are more 
normal and imbricate ; ventral fins with 1 spine and 8 soft rays. 
This fish appears to realise in eveiy respect the i>rototype of the 
Pleuronectidae before they had assumed the asymmetry which 
characterises them as a group. 



Pam. 3. Pleuronectidae. — Head asymmetrical, the skull 
twisted in front, with the two orbits on one side in the adult ; 
the side of the body bearing the eyes and turned upwards in life 
being coloured, the other aide colourless and blind. Mouth more 
or less protractile. Gills 4, a slit behind the fourth ; pseudo- 
branchiae present. Lower pharyngeal liones usually separated, 
rarely imperfectly united. Vertebrae 24 in the most generalised 
form (Psettodes), varying from 28 to C 5 in others, the ju-aeeaudals 
mostly with more or less developed transverse processes, which 
may be directed downwards and become converted into haemal 
arches; ribs and epipleuxals present. Caudal fin, if well 
developed, supported by a large hypur<il usually without basal 
spine or knob. Dorsal and anal fins much elongate, without spines, 
the former often extending on the head. Paired fins often reduced. 
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sometimes absent , if fully developed and normally formed, the 
bones of the pectoral and pelvic girdles as in the Zeidae. Ventral 
fins usually with 5 to 7 soft rays. 

Scales usually imbricate, cycloid or ctenoid; rarely absent; 
bony tubercles sometimes present. Air-bladder absent. 

Most species, and even genera, are either sinistral or dextral, 
but this is inconstant in some, including the most generalised 
genus, Psettodes. The very young are transparent and sym- 
metrical, with an eye on each side, and swim in a vertical position 
hke other Fishes. These larval forms have been described as 
distinct genera, under the names of Pelona, Pibronm, Gharyhdia, 
etc. As they grow, the eye of one side moves by degrees to the 
other side, where it becomes the upper eye. If at that age the 
dorsal fin does not extend to the frontal region, the migrating 
eye simply moves over the line of the profile, temporarily assuming 
the position which it preserves in Psettodes, Atheresthes, and 
Platysomatiehthifs\ in other genera, the dorsal fin has already 
extended to the snout before the migration takes place, and the 
eye, passing between the frontal bone and the tissues supporting 
the fin, appears to pass from side to side through the head, as 
was believed by some of the earlier observers.'^ 

Flat-fishes are a large group of some 500 species, mostly 
marine, a few si)ecies related to the Soles being confined to the 
fresh waters of South Aanorica and the Malay Archipelago. They 
range from the Arctic Circle to the southern coasts of the 
Southern Hemisphere ; many occur at great depths ((htliarichthys 
dinoceros down to 955 fathoms). Well-preserved remains 
referred to Psetta occur in the Upper Eocene, and a species of 
Solea is known from the Lower Miocene. 

A satisfactory classification of the Pleuronectidae is still a 
desideratum, and Cfinnot be attempted until the osteology of the 
very numerous forms has been thoroughly studied. Even the 
division into two principal groups, regarded by some recent 
authors as families, Pleuronectidae and Soleidae, is based on 


^ Of. Stoenstrup, Vid, Selsk. Skr. 1863, p. 268, Ann. Mag. Mat. Eut. xv. 1866, 
p. 361, and Overs. SeUk. Hkr. 1876, p. 174 ; Malm, Svefnsk. Vet Ak. Eandl. vii. 
1868, IN'o. 4, p. 28 ; A. Agassiz, P. Anier. Ac. 2 dv. 1878, p. 1 j Emery, Mitth. 
Zool. Stat. Meap. iv. 1883, p. 413 ; Facciola, Natural. Bieil. ir. 1885, p. 261, and 
vi. 1887, p. 74 ; Ehrenbaum, Wm. MeeresuTiters. (2), ii 1897, p. 266 ; Nisbikawa, 
Annot. Zool. Japan. L 1897, p. 73. 
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characters which the examination of a large number of generic 
types shows not to be constant. Thus the former have been 
defined as having the praeopercular margin distinct externally, 
the snout not projecting beyond the mouth, the nostrils of the 
two sides on the coloured side or those of the blind side high 
up near the dorsal line of the head ; the latter as having the 
praeoperculum hidden under the skin, the snout projecting more 
or less beyond the mouth, and the nasal organ of the blind side 
similarly situated to that of the eyed side. However, the genera 
Apliorisha and Peltorhamjphus, and others among the Soles, show 
exceptions to this definition.^ 

Principal genera : Fsettodes, AtTieresthes, Platyso'matichthySj 
Hi'pjpoglossus, JE[%;pjpoglossoide§, E%jp^ogloss%%aj Poecilojpsettaj Chas- 
canopsetta, ParalicMliys, Pleuronectes, Glyptocephcdus, Citharus, 
BhomhoidicMhys, Psetta (Pliomlus\ Arnoglossus, Zeugopteo'us^ 
Lep^idorhombuSj Ammotretis, Rhomlosolea^ SoUa, Acliirus, AcMt- 
opsis, Soleotalpa, Synccptura, AmmopleuropSt Aphorisha, ' Cyno- 
glossus, Symphurus {Plagusia). 

The following are the principal British representatives which 
are valued as food : — The Halibut (Eippoglossus vulgans), by far 
the largest of all Flat-Pishes, growing to a length of 10 feet or 
more ; the Long Bough Dab (Eippoglossoides limandoides) ; the 
Plaice {Pleuronectes platessd) ; the Flounder (^. Jtesus), which 
ascends streams ; the Dab (P. hmanda) ; the Smear Dab, often 
called Lemon Sole (Qlyptocephal'iis microcephalus) the Witch 
(Jx, cynoglossus) \ the Megrim or Whiff {Lepidorhomlus rti&ga- 
stoma) ; the Turbot {Psetta maooima) ; the Brill (P. laevis) \ and 
the Sole {Solea vulgaris). 

Division IV.— KUETIFOEMES. 

Ho bony stay for the praeopercle. Dorsal spines feeble, few. 
Scapula absent, the coracoid supporting four small pterygials. 
Ventral fins thoracic. 

Fam. 1. Kurtidae. — The genus Kurtus, with a single species, 
from the Indian and Pacific Oceans, forms an isolated, very 

^ On the morphology and classification, cf. Traquair, Tr Linn ^Soc, xxv. 1866, 
p 263 ; Jordan and Goss, Hep. U.8. Fish Comm, f, 1886 (1889) ; Kyle, Mep. Fish, 
Board Scotland, 1900, p. 336, Also the Monographs of the Sole, by J. T. Cunning- 
ham (Plymouth, 1890, 4to), and of the Plaice by Cole and Johnstone, Znmrpool 
Memoirs, vui. 1901. 
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aberrant group. The strongly compressed body is covered with 
minute, rudimentary scales ; the dorsal is short, with few, 
graduated spines, and the anal much elongate, with 2 small 
spines; the ventrals are formed of 1 spine and 5 soft rays. 
The vertebral column consists of 24 vertebrae; the ribs of 
the third and fourth are free and slender, whilst the following 



are immovably fixed between rings formed by the ossification 
of the outer membrane of the elongate air-bladder in a manner 
unique among fishes. The skull is peculiar for its very strong, 
denticulate, occipital crest, which ends posteriorly in a curved 
spine bent forwards; the suborbitals are slender and do not 
emit a subocular lamina. Kurtus indicus does not exceed a 
length of 5 inches. 

Division Y.— GOBIIFORMES. 

No bony stay for the praeoperculum. Basis cranii simple. 
Spinous dorsal, if present, formed of few, flexible rays. None 
of the epipleural bones attached to the centra of the vertebrae 
in the praecaudal region. Scapula and coracoid more or less 
reduced or even vestigial ; pterygials large, 4 or 5 in number, 
forming together a thin plate which is in contact with or 
narrowly separated from the clavicle ; one or two of the ptery- 
gials in contact with the coracoid. Ventral fins thoracic. 

The Gobiidae, which alone constitute this division, are not 
very remote from the Perciformes, and may have evolved out of 
a type not very different from the Percidae. 
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Pam. 1. Gobiidae. — Suborbital arch ligamentous or absent. 
Gill-membranes more or less broadly attached to isthmus ; 4 to 
6 branchiostegal rays ; gills 4, a slit behind the fourth ; pseudo- 
branchiae often present. All or most of the praecaudal vertebrae 
with transverse processes bearing the ribs, to which epipleurals 
are attached. Post-temporal forked, as in normal Perciformes. 
Ventral fins with 1 feeble spine and 4 or 5 branched rays, 
often united to form a sucking disk, a transverse fold of skin 
at their base completing the cup. 

Head usually more or less depressed, body varying from short 
and stout to elongate and eel-shaped, but never with a very 
high number of vertebrae, these varying from 24 to 37 
(10-14-4-18-24); scales cycloid or ctenoid, or absent; no 
lateral line ; mouth moderate or large, dentition various ; soft 
dorsal and anal fins nearly equally developed, varying from very 
short to very elongate ; usually a large anal papilla. 



Fig. 420 . — Qdbius ruthenspam. Nat. size. (From Holt and Byrne, Report 
Fisheries Ireland for 3901.) 


A large family of some 600 species, the great majority marine, 
mostly carnivorous and of small size. The largest form {MeotHs 
marmorata, from the rivers of Siam, Borneo, and Sumatra) grows 
to nearly 3 feet, whilst the smallest {Mistichthys luzonensis, 
from the Philippines) measures only 12 to 14 millimetres, and 
is believed to be the smallest known Vertebrate. Gobiids occur 
in all the seas outside the Arctic and Antarctic circles, and they 
have representatives in the fresh waters of all parts of the 
world. 

The genera are numerous but difficult of definition. The 
following are the principal : Meotris, Oxymetojpon, Vireosa, 
BhyacichtJiys, Qolius, Crystallogoibius^ AjpMa, GoMosoma^ Gobiodon, 
Bentliojphilus, Typhlogobim, Luciogohius, Sicydimn, Lenti]pes, Peri- 
ojphthal'm/mj Boleojphthcolmus, Amblyopus^ Tryjpauchen, Trypan- 
VOL. VII 2 Y 
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clieniclithys, Oxuderces, which has been made the type of a distinct 
family, appears to differ from Tnjjpauchen only in the absence 
of ventral fins. Fossils referred to Gdbius have been described 
from the Upper Eocene and Miocene of Europe, but there is no 
satisfactory evidence that they really belong to this family. 

Gohius, of which several species are of common occurrence on 
our shores, have attracted special interest from their habits 
during the much prolonged breeding season. The male, usually 
more brilliantly coloured than the female, mounts guard over 
the eggs, which are either simply fixed by the female to the 
under surface of stones or weeds, or in a sort of nest built and 
kept in constant repair by him. This nest is usually made of 
a shell of Gardium, Patella, Haliotis, etc., or of the carapace of 
a crab, with the convexity turned upwards and covered with 
sand ; the sand underneath is hollowed out, and a round opening 
at the side, coated by a mucus secreted by the skin of the male fish, 
gives access to the interior ; the eggs, which are elongate and 
pyriform, are stuck to the inner surface of the shell forming the 
roof.^ A curious British form is A;phia jpellucida, two inches 
long which, from its transparent and almost colourless body, has 
long been erroneously supposed to be the fry of some larger fish. 
Among exotic forms, mention should be made of the Blind Goby 
{TyjpJhlogoMus californiensis), two inches long, uniform light pink, 
scaleless, with the eyes very small, reduced to mere vestiges, 
covered by skin, and functional only in the young, living like 
a slug under rocks between tide marks on the coast of Cali- 
fornia;^ and to the "Walking-Eish or Jumping-Fish {PeriojpJi- 
thalmus), of which various species are found in great abundance 
on the mud-flats at the mouths of rivers in tropical Africa, Asia, 
and North-West Australia, skipping about by means of the 
muscular, scaly base of their pectoral fins, with the head raised 
and bearing a pair of strongly projecting versatile eyes close 
together.® 

^ Oa the breeding habits and eggs, cf. F. de Filippi, “Mem. s. sviluppo del 
Ghiozzo ” {Ann, Univ. Med, Milano, 1841) ; Holt, Arm, Mag, Mat, Eist, (6), vi. 
1890, p. 34 ; Petersen, Vid, Meddel. 1891, p. 243 ; Guitel, Ann, Mag, Nat. Eist, 
(6) viii. 1891, p. 407, and Arch, Zool, Exp^. (2), x. 1892, p. 499, and (8) iii. 1895, 
p, 263. 

® Cf. W. E. Ritter, Bull. Mus. Harvard, xxiv. 1893, p. 51. 

® For a good figure from life of Feriophthalmus koelreiUeri and an account of its 
habits, cf. S. J. Hickson, A Naturalist in North Oelehes (London, 1889) 
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Division VI — DISCOCEPHALL 

Highly aberrant Acanthopterygians with the anterior dorsal 
fin modified into a suctorial, transversely laminated oval disk^ 
on the head, the skull being very much flattened and with simple 
basis cranii. The pectoral rays are inserted on the small, per- 
forate, scapula and on four hour-glass-shaped pterygials, three 
of which are in contact with the coracoid. Ventrals thoracic. 

Fam. 1. Echeneididae. — Maxillary slender, adnate to the 
upper surface of the praemaxiUary ; suborbital aich slender. 
Pectoral fin inserted high up; supraclavicle much reduced; 
ventral fin with one spine and five soft rays. Body elongate 
and coveied with small scales ; soft dorsal and anal fins elongate 
and opposed to each other. AU the praecaudal vertebrae with 
very strong parapophyses, the anterior with diapophyses as well ; 
ribs and epipleurals nearly equally developed, both inserted at 
the extremity of the parapophyses. 



In spite of a superficial external resemblance to the genus 
Macate, the Sucking-Pish bear certainly no affinity to that genus 
nor to other Scombnformes, as first observed by Gill. They aie 
probably derived from Perciformes, but from which family it is 
impossible to suggest. Three genera may be distinguished* 
O]p%sthomyzonj from the Upper Eocene of Switzerland, with a 
very small suctorial disk and 23 or 24 vertebrae; Ucheneis, with 
large disk and 30 vertebrae; and Remora, distinguished from the 
second by a shorter body with only 27 vertebrae. These re- 
markable fishes, of which about 10 species are distinguished, are 
distributed all over the tropical and warm seas, and exceptionally 
carried as far north as the south coast of England. They feed 
on other fishes, and attach themselves by means of their cephalic 

^ For the theories on the formation of the disk, cf. R. Storms, Ann, JSf(x>L 
msL (6), 11 1888, p. 67. 
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sucker to boats or to sharks, turtles, cetaceans, and other large 
swift-swimming animals. On the East Coast of Africa they are 
employed by the natives for catching turtles, to the carapace of 
which they stick with extraordinary tenacity, being held by a 
line attached to a metal ring round the caudal peduncle.^ The 
largest Sucking-fish grows to a length of three feet. 

Division VIL — SCLEROPAEEI. 

Second suborbital bone more or less produced towards or 
ankylosed with the praeoperculum ('"■ suborbital stay ”).^ Ventral 
fins thoracic. 

The “ Cheek-armomred Acanthopterygians,'' " Jones cuirassees '' 
of Cuvier, after the exclusion of the Sticklebacks, form a perfectly 
natural association, evidently derived from the Serranidae, with 
which the more generalised forms have much in common. From 



Fio. 422. — Skull of Ophwdon dongatvs, sor, Suborbital stay. 


the Perch-like genus, Selastes, a continuous series can be traced 
towards the Triglidae, especially through such forms as Ajpistus, 
Minous, and Choridactylus, in which one or more of the lower 
pectoral rays are detached from the rest of the fin. Through 
the Comephoridae the Scorpaenidae are connected - with the 
Cottidae, whilst the latter merge insensibly into the still more 
aberrant Cyclopteridae. These conclusions, which are apparent 
enough from a mere comparison of the external characters, become 
fortified by a study of the skeletons. The passage between the 
various groups here accepted as families is so complete that no 

^ Cf. Holmwood, Proc. Zool, Soc. 1884, p. 411. 

^ This character suffers one exception, to be found in Co'inephoruSj a degraded 
form otherwise closely related to Cottocomepkorus^ in which the skeleton is typical 
of the present division. 
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serious objection could be raised to then union in one great 
family with a number of minoi divisions 

The character from which the Scleroparei derive their name 



Fig 423 — Left pectoral arch of A, JSebastes percoides B, Scorpaenichthys mannoratiis 
C, Dactylopterus mhtans cly Clavicle cot coracoid , pd post clavicle , p r, peo 
tor il raj h , jpt , pterygials , jotte, post temporal , sc, scapula , scl^ supraclavicle 


IS subject to many modifications The second suboibital (the 
third if the piaeorbital be regarded as the first) may be merely 
enlarged and prolonged ovei the cheek towards the praeoper- 
culum {Selastes, Anojolo;poma\ or firmly ankylosed to the latter 
(Scorpaena, Platyceplialus\ or form part of the external armature 
of the head {Tr%gla, Bactylopterus) The structure of the base of 
the pectoral fin appears to afford important characters for the 
definition of the families, as first pointed out by Grill, these 
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characters have, however, not yet been tested on a sufficient 
number of the very numerous forms grouped under Cottidae, 
some of which I have already transferred to the Comephoridae, 

Synopsis of the Families. 

I. Head not completely ciiirassed. 

A. Ventral fins not widely separated ; none of the pectoral pterygials in 

contact with the clavicle. 

Two nostrils on each side ; basis cranii double ; gill-membranes free from 

isthmus 1* Scorpaemdae. 

A single nostril on each side ; basis cranii double ; gill-membranes free from 
isthmus ........ 2. Hexagrammidae. 

Two nostrils on each side; basis cranii simple; gill-membranes free or 
narrowly attached to isthmus .... 3. Comephoridae, 

Two nostrils on each side ; basis cranii simple ; gill-opening narrow^ above 
base of pectoral ...... 4. Rhampliocottidae. 

B. Ventral fins, if present, not widely separated ; one or several of the 

pterygials in contact with the clavicle. 

Ventral fins distinct ; gill-clefts wide ... 5. Cottidae. 

Ventral fins united into a sucking disk ; gill-opening narrow, above base of 
pectoral . 6, Cyclopteridae. 

C. Ventral fins widely separated ; none of the pterygials in contact with 
the clavicle. 

Ventral fins behind base of pectorals ; praecaudal vertebrae without trans- 
verse processes 7. Flatycephalidae, 

Ventral fins a little in front of base of pectorals ; praecaudal vertebrae with 
transverse processes 8. Hoplichthyidae, 

II. Head completely cuirassed. 

Ventral fins narrowly separated ; no pectoral appendages ; pterygials short 

and broad 9. Agonidae. 

Ventral fins widely separated ; 2 or 3 lowermost rays of pectoral fin detache^^ 
as feelers ; pterygials short and broad . .10. Triglidae. 

Ventral fins narrowly separated ; pectoi^l fin divided into two portions 
pterygials elongate 11. Dactylopteridae, 

Fam. 1. Scorpaenidae. — ^Head not or but incompletely 
cuirassed, usually with spines ; basis cranii double ; parietal bonei 
often meeting on the median line, over the supraoccipital ; tw( 
nostrils on each side. Gill-membranes free from isthmus ; gillj 
or 4; pseudobranehiae present. Vertebrae 24 to 37, tht 
anterior praecaudals with sessile ribs bearing epipleurals, the 
posterior with transverse processes, often directed downwards, oi 
forming haemal arches, bearing the rib and the epipleuraL Post- 
temporal more or less distinctly forked, more or less firmly anky- 
losed to the skull ; scapula and coracoid well developed, in contact 
with each other or separated by cartilage ; pectoral rays inserted 
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on the scapula and on 3 or 4 large, hour-glass or anvil-shaped 
pterygials, two of which are in contact with the coracoid. 
Yentral fins close together, with 1 spine and 3 to 5 soft lays. 
Spinous dorsal strong, usually longer than the soft, sometimes 
extending on the head ; anal usually with 3 spines. Body 
covered with scales or naked. 

A large family of carnivorous marine fishes, some descending 
to great depths, of nearly world-wide distribution, represented by 
three extinct genera {Ampheo'^istus^ HiBhoceplialus, Scorpaenoides) 
in the Eocene and by several species of Scorpaena in later forma- 
tions. About 250 recent species are known. Principal genera: 
Sebastes, Setarclies, Scorpaena, Fterois, Apistus, Ifinous, Pelor, 
Choridactylus, Gentropogon, Gymnapistiis, Amllyapistus, Pen- 
taroge, Tetraroge, Gnathacantlius (Holoxenus), Agriopus, Synancia, 
Polycaulus. 



Fig. 424. — ^cor^aena grandicomis. (After Valenciennes ) x J. 

Great variety of form obtains in tljis family, from the Perch-like 
SelasteB to the extraordinary-shaped Tetraroge, Pelor, and Synancia, 
Many of its members are excellent examples of mimetic adapta- 
tion to the surrounding, resembling the rocks among which they 
live and being covered with dermal appendages simulating weeds. 
An interesting example of commensalism has been discovered by 
A. Alcock^ in Minous inermis, off the coasts of India, which, 
wherever found, is always more or less incrusted with the Gymno- 

^ Ann, Mag. Nat, Mist. (6), s. 1892, p. 212, and Zool. Gleanings InvesHgaior, 
1901, p. 41. 
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blastic Stylactis minoi. Many of the Sebastes and their 

allies are of large size and used as food , some aie vivipai’ous, tli© 
young being produced in great numbers and very small in shie. 
ScorpmncL, Fterois, PeloT, and Synanoia are dangerous for the 
stings from their dorsal spines, which are provided with poison 
glands.^ 

Pam. 2. Hexagrammidae. — Head not cuirassed, without 
strong spines ; basis cranii double ; a single nostril on each side. 
Gill-membranes free from isthmus; gills 4; pseudobranchiae 
present. Vertebrae 42 to 5*7, most of the praecaudals with 
transverse processes bearing the ribs and the epipleurals. Post- 
temporal forked ; scapula and coracoid well developed, in contact 
with each other; pectoral rays inserted on the scapula and 
4 anvil-shaped pterygials, 2 of which are in contact with the 
coracoid. Ventral fins close together, more or less behind the 
pectorals, with 1 spine and 5 soft rays. Spinous dorsal of 
usually rather feeble rays, nearly as long as or longer than the 
soft ; anal elongate, with or without spines. Body covered with 
small scales. 

Carnivorous fishes, mostly of large size, from the rocky coasts 
of the North Pacific. Some are highly valued as food. Twelve 
species, referable to 6 genera : I[exagTamm%iSf PleurogTamm%$j 
Agrammus, Ophiodon, Zaniolepis, OxylebivjS. Hexagraynmus and 
Pleurogrammus are remarkable in having 4 or 5 lateral lines on 
each side. 

Pam. 3. Oomephoridae. — ^Head not cuirassed, without spines ; 
basis cranii simple ; two nostrils on each side. Gill-membranes 
free or narrowly attached to isthmus ; gills 4 ; pseudobranchiae 
present or absent. Vertebrae 42 to 64, some or most of the 
praecaudals with transverse processes bearing the ribs and the 
epipleurals. Post-temporal forked; scapula and coracoid well 
developed^ in contact with each other or separated by cartilage ; 
pectoral rays inserted on the scapula and on 4 anvil-shaped or 
plate-like pterygials, 2 of which are in contact with the coracoid. 
Ventral fins, if present, close together, with 1 spine and 3 to 5 
soft rays. SpinouS dorsal of rather feeble rays, as long as or 
shorter than the soft ; anal spines feeble or absent. Bodv covered 
with small scales or naked. 

^ Cf. Bottard, Poissons Vmimeux (Paris, 1889. 8vo), and Marie Sacchi, AUi 
Soc.Zigust. vi. 1895, p. 89. 
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Four genera, each with a single species : Ano'plojpoma {Soom- 
Irocottus), from the North Pacific from Unalaska to California: 
To'iglo^psis, from deep water in Lakes Michigan and Ontario; 
Gottocomephorus, from Lake Baikal, and Comephorus from the 
greatest depths of that lake. As in many bathybial forms, 
Gomepliorus is colourless and provided with very large eyes; 
ventral fins are absent and the skeleton is very thin and papery. 
As a result of this condition, the second suborbital is not produced 
over the cheek, a unique exception to the main characteristic of 
this division ; but no doubt can be entertained as to the propriety 
of referring it to the neighbourhood of Anoplopoma, since the 
recently discovered CottocOTneplioms may be regarded as a con- 
necting link between the two genera. Gomepliorus is viviparous, 
and dies after parturition.^ Jordan regards Triglopsis as a relic 
of a former Arctic marine fauna. 

Pam. 4. Rhamphocottidae. — Head incompletely cuirassed, 
with spines; basis cranii simple; two nostrils on each side. 
Gill-opening narrow, above the base of the pectoral; gills 3^. 
Vertebrae 24. Post-temporal short and flat, ankylosed to the 
skull ; scapula and coracoid well developed, separated by cartilage; 
pectoral rays inserted on the scapula and on 4 plate-like pterygials, 
2 of which are in contact with the coracoid. Ventral fins close 
together, behind the pectorals, with a rudimentary spine and 3 
soft rays. Spinous dorsal shorter than the soft ; no anal spines. 
Body densely covered with small prickly scales. 

Rhamphocottus riehardsonii, a small fish 3 inches in length, 
from the north-west coast of North America, is the only repre- 
sentative of this family. 

Pam. 5. Cottidae. — Head not or but incompletely cuirassed, 
usually with spines; basis cranii simple; parietal bones often 
meeting on the median line; two nostrils on each side. Gill-, 
membranes free or attached to isthmus ; gills 3-^ or 4 ; pseudo- 
branchiae usually present. Vertebrae 24 to 50, the anterior 
praecaudals with sessile^ ribs, the posterior with transverse 
processes, often directed downwards, or forming haemal arches, 
bearing ribs and epipleurals. Post-temporal more or less dis- 
tinctly forked ; scapula and coracoid separated from each other 

^ Of. Dybowsky, Verh. zool.-hot, Ges. Wien, xxiii. 1878, p. 476, and J^ool, 
Ceniralbt viii. 1901, p. 475 ; Zograf, Tagebl. zool. Oongr. BerUn, No. 8 (1901), 
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by the intervention of the plate-like pterygials, of which one, 
two, or three are in contact with the clavicle j the coracoid more 
or less reduced. Ventral fins close together, with 1 spine and 
2 to 5 soft rays (absent in Ureunias), Spinous dorsal usually 
shorter than the soft, sometimes quite indistinct ; anal without 
spines. Body naked, partially scaly, or with prickles or bony plates. 

Mostly small carnivorous fishes, the largest {Scorjpaenichthys) 
growing to about 3 feet. Some species inhabit fresh waters, but 
the majority are marine, a few descending to great depths. 
Nearly all are from the northern regions, but a genus allied to 
Coftus {ScleroGottus) is from South Georgia, in the Antarctic 
region. Fossil Cottidae are known from the Upper Eocene and 
Miocene {Uocottus, Lejpidocottus), and are distinguished from the 
modem forms in the smaller number of vertebrae (24 or 26 
instead of 30 to 50). At least 220 species are known. Principal 
genera : Jordania, ScorjpaenicMliys, Icelus, Triglops , Coitus, Gotturi’- 
culus, Blepsias, PseudoUennius, Hemitripterus, Synchirus, Asce- 
Uclithys, Psychrolutes, Ereunias. The little freshwater ‘‘Miller's 
Thumb ” (Coitus golio) and the larger marine “ Bull-heads ” (C. 
lulalis and C, scorpius) are the most familiar British representa- 
tives of this family. The eggs are deposited on stones, weeds, or 
other submerged objects, or in a sort of nest, and are guarded by 
the male, which in most species is distinguished by a large genital 
papilla ; this, in some forms, acts as an intromittent organ. 

Fam. 6. Cyclopteridae. — ^Very closely related to the pre- 
ceding, with which they are connected through Psychrolutes, and it 
is even doubtful whether they deserve to be separated from them. 
The only important distinctive characters reside in the structure 
of the ventrals, which, if present (absent in Paraliparis, a close 
ally of Liparis), are united to form a sucking disk, and the small 
size of the gill-cleft. The body is short, tumid, tadpole-Hke, 
naked or tubercular; the spinous dorsal, if present, is short. 
Vertebrae 28 to 60, the skeleton feebly ossified.^ 

Sluggish fishes, feeding on small animals and plants, from 
the North Atlantic and Pacific Oceans, and the Arctic and 
Antarctic seas, many descending to great depths (1800 fathoms). 
About fifty species are distinguished. Principal genera : Cyclo- 
pterus, Gyclopterichthys, Ziparops, Liparis, Careproctus,Parcbliparis, 

^ The anatomy and external characters of these fishes have been fully mono- 
graphed by S, Oarman, Mem. ifwa. Gomp. ZooL xiv, ITo. 2, 1892. 
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The common Lump-Sucker of our coasts (Gyclopterus hmjpus) 
is the largest member of the group, growing to a length of 2 
feet or more. The male makes pits in the sand between stones, 
in which the female deposits the eggs ; he watches oyer the eggs 
and also over the young, which cling to his body with their 
suckers. The "Sea -Snails” (^LijparisX are represented by two 
species on the British coasts. 



Pam. 7. Platycephalidae. — Head not cuirassed, much 
depressed, with spines ; basis cranii simple ; two nostrils on each 
side. G-ill-membranes free ; gills 4 ; pseudobranchiae present. 
Vertebrae 27 ; ribs all sessile, bearing the epipleurals. Post-tem- 
poral forked ; scapula and coracoid well developed, in contact with 
each other ; pectoral rays inserted on the scapula and on 4 short 
and broad pterygials, 2 of which are in contact with the coracoid. 
Ventral fins widely separated, behind the pectorals, with 1 
spine and 5 soft rays. Spinous dorsal shorter than the soft ; 
anal without spines. Body covered with small scales. 

The single genus Flatycephalns, with some 40 species, 
inhabits the coasts of the Indian Ocean and the Western 
Pacific. 

Pam 8. Hoplichthyidae. — Head incompletely cuirassed, much 
depressed, with spines ; basis cranii simple ; two nostrils on each 
side. Gill-membranes attached to isthmus; gills 4; pseudo- 
branchiae present. Vertebrae about 30, the praecaudals with 
transverse processes. Post-temporal fused with the skull ; scapula 
and coracoid in contact with each other; pectoral rays inserted on 
the scapula and on 3 plate-like pterygials. Ventral fins widely 
separated, a little before the pectorals, with 1 spine and 5 soft 
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rays. Spinous dorsal shorter than the sdft ; anal without spines. 
Back and sides with bony, prickly plates. 

Ho^plichthys, with a single species from the coasts of Japan 
and China. JBemlras, with two species from the coasts of 
Japan, appears to be related to it, but the skeleton is still 
unknown ; it differs in having the body covered with small 
scales and the gill-membranes free. 

Fam. 9. Agonidae. — Head completely cuirassed, usually 
with spines; basis cranii simple; two nostrils on each side. 
Gill-membranes free or attached to isthmus ; gills ; pseudo- 
branchiae present. Vertebrae 35 to 50; ribs sessile. Post- 
temporal fused with the skull ; scapula and coracoid in contact 
with each other, or separated by a cartilaginous space ; pectoral 
rays inserted on the scapula and 3 or 4 plate-like pterygials. 
Ventral fins close together, with 1 spine and 2 soft rays. 
Spinous dorsal shorter than the soft, or absent ; anal without 
spines. Body covered with bony plates. 

Small fishes, mostly from the coasts of the Northern Atlantic 
and Pacific, extending into the Arctic Ocean ; one species from 
the coast of Chili. Batliyagonm occurs in the North Atlantic 
between 350 and 477 fathoms. 

About 40 species are known. Principal genera: Agonus, 
Agonopsis, Bathyagonus, Aspidophoroides, The “ Pogge,” or 
Armed Bullhead {Agonus catccphractus), is the only British species 
of this family. 

Fam. 10. Triglidae. — Head completely cuirassed, with 
spines; basis cranii double; parietal bones meeting on the 
median line ; two nostrils on each side. Gill-membranes free ; 
gills 4; pseudobranchiae present. Vertebrae 25 to 40, the 
anterior praecaudals with sessile ribs, the posterior with trans- 
verse processes. Post-temporal fused with the skull; scapula 
and coracoid separated by a cartilaginous space ; pectoral rays 
inserted on the scapula and on 4 large plate-like pterygials, of 
which two are in contact with the coracoid; 2 or 3 of the 
lower pectoral rays detached, forming feelers. Ventral fins 
widely separated, with 1 spine and 5 soft rays. Spinous 
dorsal shorter than the soft ; anal without spines. Body covered 
with scales or bony plates. 

Marine fishes from all warm and temperate regions, some 
occurring in deep water. They are remarkable for the 
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finger-like appendages of the pectoral fins, which are employed 
to feel the ground in search of crustaceans and other small 
animals on which they feed ; also for the grunting sounds which 
they utter by the contraction of the air-bladder. About 50 
species are known, referable to 4 genera: Prionotus, Trigla, 
Le^piclotrigla, Peristedion. Fossil remains referred to Trigla 
have been found in Miocene and later formations. British 
species are the Grey Gurnard {Trigla gurnardus), the Eed 
Gurnard {T cuculus), the Tub or Sapphirine Gurnard {T. Inrundo), 
the Piper {T lyrci), the Long-finned Gurnard {T, dbscura), and 
the Streaked Gurnard {T. lineata), 

Fam. 11. Dactylopteridae. — Head completely cuirassed , 
basis cranii simple ; parietal bones meeting on the median line , 
two nostrils on each side. Gill-cleft broadly separated by scaly 
isthmus, gills 4, pseudobranchiae present. Vertebrae 20-22 
(8-9 + 12-13), the first very elongate and formed by the fusion 



Fig. 426 — Bactylopt&rns volitam, (After Gill ) J nat. size. 


of three or four, ribs sessile, no transverse processes. Post- 
temporal fused with the skull; no supraclavicle ; scapula and 
coracoid well developed, in contact with each other; pectoral 
rays divided into two parts, inserted on the scapula and on 4 
elongate pterygials, of which 3 are in contact with the coracoid. 
Ventral fins close together, with 1 spine and 4 soft rays. 
Spinous dorsal shorter than the soft ; anal without spines. Body 
covered with hard, rough scales. 

The ^'Flying Gurnards,” of which four species are known, 
belonging to a single genus (Dactylojpterus), are inhabitants of the 
tropical and warm parts of the Atlantic and the Indian Ocean 
and Archipelago. They are remarkable, when adult, for the 
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wing-like portion of the pectoral fins, by which they are able 
to move in the air like Exocoetus, but for shorter distances, and, 
unlike them, the wings are moved rapidly, the mode of flight 
resembling that of many forms of grasshoppers;^ the young, 
however, have comparatively short pectorals, and were formerly 
regarded as belonging to a distinct genus {Gej^halacantlmsy 

Division VIII— JUGULAEES. 

No bony stay for the praeoperculum. Ventral fins jugular 
or mental. Gill-openings in front of the pectoral fin, the base 
of which is vertical or subvertical 

In a recently published note ^ I have alluded to the group of 
Physoclistous fishes for which I proposed to revive the old name 
Jugulares, pointing out that some of the forms previously 
grouped together as Trachinidae agree with the Gadidae, not 
only in the jugular position of the ventral fins, but also in the 
condition of the scapula and coracoid. Mr. Began ^ has since 
been able to show that the Gadidae and Macruridae possess 
certain characters in common by which they may be separated 
not only from the other Jugulares, but even from the Acantho- 
pterygians, and, as mentioned above (p. 646), the Mullerian 
Sub-order Anacanthini may be maintained, after excluding the 
Pleuronectidae. That the Blenniidae are akin to Lycodes and 
its allies has long been admitted, and authors who have placed 
them in different divisions of their systems have had to confess 
the diflS.culty of referring certain genera to the one family rather 
than to the other. The fact that Lycodes and many forms 
previously associated with the Ophidiidae agree with the 
Macruridae and Gadidae in the diphycercal vertebral column 
aad in the absence of spines to the fins is merely, it seems to me, 
the result of degradation ; they probably form the terminal 
group of a series in which the vertebral column was originally 
homocercal and fin-spines were present, as is the case in most of 
the Blenniidae and Trachinidae and their near allies. All these 
families may be assumed to have evolved in several series, often 
on parallel lines, from so'me group closely related to the 

^ Moseley, Notes Natur. ChaUenger, 2nd edition, p. 495. 

® Ann. Mag. Nat. Hist. (7) viii, 1901, p. 261. 

^ Op. cU. si. 1903, p. 460. 
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Berycidae , and the resemblance which their terminal forms bear 
to the Anacanthini is, as pointed out by Began, probably to be 
ascribed to convergence, not to any close genetic affinity, as 
hitherto believed by many authors 



Fig 427 — Pectoral arch and pelvis (left side) of A Traohinus diato B Perce ^jhis 
Irasihanus, d clavicle, cjr, coracoid , pelvis , jterjgials post 

clavicle , jpie, post temporal , sc, scapula , &d supracla\icle 


The character of the position of the scapulai foiamen, eithei 
in the scapular bone or between it and the coracoid, which 
obtains in many genera of this division as well as in most of the 
Anacanthini, has proved to be unreliable even foi the purpose 
of family definition , it is, however, of assistance in determining 
the relation of certain obscure, degraded forms placed by some 
authors with the Anacanthines, by others with the Blenniids 

Synopsis of the Families 

I Pectoral rays attached to the scapula and to a senes of pterygials of 
which only one or two aie in contact with the scapula (see Fig 427) , ventral 
fins jugular, with 1 spine and 4 or 5 soft rays , anterior doi«al rays usually 
spinous or not aiticulated, often foiming a detached fin 
A Epipleurals prebent 

1 Second suboibital produced invards to support the eye ball 
Ventrals close together , scales veiy small, cycloid, forming obhque bands 

1 Tmchimdae 

Ventrals widely separated 2 Fercophiidae 

2 !No subocular shelf 

Ventrals widely separated , two nostrils on each side 3 L^toscopidae 
Ventrals widely separated , a single nostril on each side 

4 Notothmvbdae 

Ventials close together , scales very small, forming oblique bands , head 
partly covered with bony plates 5. Uranoscopzdae 
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B. Ko epipleiirals. 

Post-temporal forked, articulated to tke skull ; soft dorsal and anal inuck 

elongate ^ Tnchodontidae, 

Post-temporal closely adnate to tke skull ; soft dorsal and anal skort (witk 

only 7 to 10 rays) *7. Gallionymidae. 

Post-temporal simple, articulated to tke skull ; soft dorsal and anal short ; 
a ventral sucker ...••• S. Qobiesocidae. 

II. Pectoral rays all attached to the pterygials, of which two or three 
are in contact with the scdpula ; ventral fins, if present, jugular or mental, 
composed of 1 to 4 rays. 

A. Ventrals jugular or absent. 

Post-temporal distinctly forked ; praecaudal vertebrae with transverse pro- 
cesses; some or all of the dorsal rays spinous or not articulated ; caudal 
fin usually distinct ...... 9. Blenniidae, 

Post-temporal small and ankylosed to the skull ; praecaudal vertebrae with- 
out well -developed transverse processes; a very short si^inous dorsal; 
caudal fin distinct . . . - . .10. Bairaclvidae. 

Post-temporal distinctly forked ; praecaudal vertebrae with haemal arches ; 

dorsal rays all spinous; caudal fin distinct . 11. Pkolididae. 

Post-temporal distinctly forked ; praecaudal vertebrae with transverse pro- 
cesses ; dorsal rays all articulated, or a few of the posterior spinous ; no 
distinct caudal fin . . . . . .12. Zoarcidae. 

Post-temporal forked, ankylosed to the skull; praecaudal vertebrae with 
transverse processes ; no spines ; no distinct caudal fin 

13. Congrogadidae 

B. Ventrals mental (just behind the chin) ; no spines 

14. Ophidiidae. 

III. Pectoral rays attached to an undivided cartilaginous plate represent- 

ing the pterygials ; ventral fins jugular, reduced to a filament formed of two 
adnate rays ; fins without spines . . . .15. Podatelidae, 

Fam. 1. Trachinidae. — Second suborbital with an internal 
lamina, supporting the globe of the eye ; mouth large, protractile. 
Eibs and epipleurals nearly equally developed, sessile ; posterior 
praecaudal vertebrae with short parapophyses. Grill-membranes 
free from isthmus ; 6 branchiostegal rays ; gills 4, a slit behind 
the fourth ; pseudobranchiae well developed. Scapula and cora- 
coid well developed, a foramen between them; pectoral rays 
attached to the scapula and to three short and broad pterygials, 
two of which are in contact with the coracoid. Ventral fins 
jugular, close together, with 1 spine and 5 soft rays. Body elon- 
gate, covered with small cycloid scales forming oblique bands. 
A short spinous dorsal and a long soft dorsal and anaL Vertebrae 
35-43 (10-11 -f 26-32). No air-bladder. 

This family includes but one genus {Trachinus), the VTeevers, 
with 4 species, occurring on the coasts of Europe, the Mediter- 
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ranean, and West Africa north of the Equator. A fossil species 
has been described from the Upper Miocene of Croatia. The 
two British species, T. do'oco and T. vijpem, are well known for 
the painful wounds which they are able to inflict through their 
sharp, grooved dorsal and opercular spines, which convey a very 
active poisonous fluid secreted by small glands at their base. As 
these fish like to bury themselves partially in the sands in shallow 
water, people bathing occasionally tread on them with, as a rule, 
at least violent pain as a result.^ The flesh is not bad eating, 
and great numbers of the larger species {T. draco), are brought 
to the Paris market. 

Fam. 2. Percophiidae. — FercojpMs, with a single species from 
the coast of Brazil, differs from the Trachinidae in the scapular 
fenestra being situated entirely in the scapula, in the ventral 
fins being rather 'widely separated at the base, and in the 
quincuncial disposition of the scales. Vertebrae, 57 (22 + 35). 
Bleeheria and BmloUchthys, from the Indian and Japanese seas, 
with the ventral fins rudimentary or absent, which have been 
placed in the Ammodytidae, appear to be related to Ferco^Ms. 

Fam. 3. Leptoscopidae. — Differ from the preceding in the 
absence of a subocular shelf. Scapular fenestra either in the 
scapula or between the scapula and the coracoid. Mostly Marine 
Eishes, various in form, from the tropics to the Antarctic circle, 
some occurring at great depths. About 25 species, referable to 7 
genera : Leptosco^pus, Farapercis, Neopercis, Fteropsaron, Bemlrops, 
Fleumgramma, Ghimarrhichthys. The latter, from New Zealand, 
is the only freshwater form of the family, and is remarkably 
adapted for living in alpine torrents. Fleuragramma antarcticum, 
brought home by the Southern Cross Expedition, comes from 
78° 35' S. lat., the farthest point at which fishes have yet^been 
obtained in the Antarctic region. Macrius amissus, from the 
Pacific Ocean at a depth of 1000 fathoms, which, judging from 
a very imperfect description, probably belongs to this family, 
measures 5 feet, and is the largest known deep-sea Teleostean. 

Fam. 4. Nototheniidae. — Also closely allied to the Trachin- 
idae. No subocular shelf ; a single nostril on each side ; ventrals 

^ Of. Allman, Ann. Mct^. Nat. Hist. vi. 1841, p. 161 ; Schmidt, Nord. Med. ArJc. 
vi. N’o. 2, 1875 ; Gressin, Contribution d Vitude de rappareil d venin chez les Foissons 
du genre Vive (Paris, 1884, 8vo) ; W. N. Parker, F.Z.S. 1888, p. 359 ; PMsalix, 
Bull. Mus. Paris, 1899, p. 256. 

VOL. VII 2 Z 
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widely separated; pectoral arch usually as in the Trachinidae, 
but scapular fenestra sometimes in the scapula (^Trematoinus), 
Body varying much in shape according to the genera, the form 
sometimes suggestive of the Cottidae ; scales usually ctenoid, 
sometimes absent ; anterior (spinous) dorsal sometimes absent 
lateral line often double, or even triple. Mostly from the 
Southern seas and the Antarctic circle. About 40 species, refer- 
able to 19 genera, of which the following are the principal: — 
Nototheniaj Trematomus^ ChaenichtliySj Gliartijpsoceplialus, Oryo- 
dracOj AcarUhaphritiSj Meginops, Bovichthys, Gymnodmco, Ger- 
lacliia, Bathy draco j BaGomtzaia, JSarpagifer, JDraconetta. 

Pam. 6. Uranoscopidae. — ^Agree with the Trachinidae in 
general structure, and in the closely approximated ventrals. 
Scales very small, in oblique bands, or absent. Pterygials much 
reduced, fused with the scapula and the coracoid ; scapular fenestra 
in the scapula. Parapophyses strongly developed on the prae- 
caudal vertebrae, with the ribs attached to their upper surface. 
The head is very large, broad, partly covered with bony plates ; 
cleft of the mouth vertical; eyes on the upper surface of the 
head. Vertebrae 25 to 30 (12-14 + 13-16). Four genera: 
Uranoscopus, Anema, CatUetosioma, Ariscopus, with 15 species, 
from the tropical seas, northwards to the Mediterranean and 
Japan, southwards to South Australia and New Zealand. 

Pam. 6. Trichonotidae. — Small elongate fishes very nearly 
related to the CaUionymidae, with which they agree in the 
arrangement of the bones at the base of the pectoral fins and 
the absence of epipleurals; but post -temporal more distinctly 
forked and detached from the skull, suborbital arch ossified 
(without subocular shelf), gill-openings wide, a single long dorsal 
fin, a long anal fin, and body covered with scales. Vertebrae 
48-53. Five marine species, referable to 3 genera: Trichonotus 
and Taeniolalrus from the Indian Ocean, and JECemerocoetes from 
New Zealand. 

Pam. 7. CaUionymidae. — Suborbital arch ligamentous ; ento- 
pterygoid absent ; basis cranii simple ; mouth rather small, 
protractile. Vertebrae few (7 + 14), the last two much en- 
larged ; most of the vertebrae with bifid neural processes, simu- 
lating a “ spina bifida ” ; first vertebra ribless,^ second to fourth 

^ This is really the second, the first having entirely disappeared, as in some 
Gobiesocidae. 
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with sessile ribs and no transverse processes, fifth to seventh 
with ribs inserted on short transverse processes ; no epiplenrals. 
Post-temporal forked, but completely adnate to the skull ; scapula 
separated from the coracoid by a fenestra , pectoral rays attached 
to the scapula and to three broad pterygials, all three in contact 
with the coracoid. Ventral fins jugular, widely separated from 
each other, with 5 soft rays in addition to a short spine. Gill- 
openings very narrow, generally reduced to a foramen on the 
upper side of the operculum ; 6 branchiostegal rays ; gills 4, a 
slit behind the fourth ; pseudobranchiae well developed. Body 
naked. Two dorsal fins, the first composed of a few flexible 
spines; second dorsal and anal rather short (7-10 rays). 

Small marine fishes, referable to 2 genera • Callionymus, with 
about 45 species, nearly cosmopolitan, and Vuhus, with a single 
species from Amboyna and Celebes. In the common British species, 
the Dragonet (Galhonymus lyra), the male acquires very marked 
secondary characters, the snout becoming more elongate, the second 
dorsal fin much produced, and the body ornamented with yellow 
and blue bands. The courtship and pairing have been described 
by E. W. L Holt,^ who observes that this curious fish offers 
the only instance of a definite sexual intercourse among Tele- 
osteans propagating by pelagic ova. In the Indian C carelares 
it is the female that is the more brightly coloured. 

Fam. 8. Gobiesocidae. — Suborbital arch absent; entoptery- 
gold absent; basis cranii simple; mouth moderate, protractile. 
V er tebrae numerous, 27-31 (14-16-f-ll-21), the first, if 
present, rudimentary,^ the third and following praecaudals 
with long parapophyses ^ bearing the ribs at their extremity; 
no epiplenrals. Post-temporal simple, articulated to the skull, 
scapula with a foramen, coracoid much reduced; pectoral rays 
inserted on the scapula and on four large pterygials, two of 
which are in contact with the scapula ; an adhesive ventral disk, 
simple or double, supported in front by the clavicles, in the 

1 P.Z,S 1898, p.'281. 

2 The vertebral columii m this family shows that the first segment has been lost 
in Callionymus, as could be deduced from the fact that, in that genus, the first nb 
is on the second vertebra instead of on the third as is usual in Teleosteans. In the 
Gobiesocidae, as in Galhonymus, there are three occipital condyles on a straight 
transverse line, the outer, formed by the exoccipitals, invariably articulating with 
the second vertebra. 

® Which have been described as ribs by Gunther and by Guitel 
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middle and at the sides by the enlarged pelvic bones and fins, 
and behind by the enlarged lamellar post-clavicles, which are 
formed of two pieces. Ventral fins jugular, widely separated 
from each other, formed of 1 short spine and 4 or 5 soft rays. 
Gill-openings narrow ; 5 or 6 branchiostegal rays ; gills 3 or 3^ ; 
pseudobranchiae well developed. Body naked. Dorsal and anal 
fins short, composed entirely of soft branched rays. 

First placed with the Acanthopterygians by J. Muller, 
notwithstanding the absence of spinous rays in the vertical fins, 
and removed from the vicinity of the Cyclopteridae by Gunther, 
raised to the rank of a Sub-order (Xenopteri) near the Ana- 
canthini by Gill, the exact systematic position of this curious 



Fia. 428 . — Sicyases sanguineus, natxiral size, a, Anus ; ojg, opercle ; jpf, pectoral fin. 

type of Fishes has long been a matter of uncertainty. The posi- 
tion of the ventral fins suggests, at first glance, affinity with the 
Callionymidae, and a comparison of the skeletons of these two 
types has convinced me that they are really related to each 
other, although both highly modified in different directions. 

The Cling-Fishes ^re curious small, carnivorous. Marine Fishes, 
usually found between tide-marks among loose stones and shells, 
to which they adhere firmly by means of the adhesive ventral 
disk. They can live a long time out of water. About 50 
species are known, from various parts of the world, extending as 
far north as Scotland and Vancouver Island, and* southwards to 
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New Zealand. Three or four species, belonging to the genus 
Le;padogaster, are known to occur on the British coasts. The 
principal genera are Qohiesox, Cliorisocliismus^ Sicyases, Cotyhs, 
Lejpadogaster, TracTielocMsmus, Diplocrepis, Crejpidogaster, and 
Le;ptO]pteTyg%us ^ 

Fam. 9. Blenniidae. — Suborbitals often forming a more or 
less distinct subocular shelf, mouth moderate or large, more or 
less protractile, often bordered to a considerable extent hj the 
maxillaries. Most of the praecaudal vertebrae with strong trans- 
verse processes supporting the ribs, which may bear epipleurals. 
Gill-membranes usually attached to isthmus ; 6 or 7 branchiostegal 
rays ; gills 4, a slit behind the fourth ; pseudobranchiae usually 
present. Post-temporal forked, scapula and coracoid more or 
less developed, sometimes much reduced, the former pierced by 
a foramen, pectoral rays attached to 4 or 5 hour-glass-shaped 
pterygials, one or two of which are in contact with the coracoid. 
Ventral fins jugular, with not more than 4 rays, or absent. 
Body more or less elongate, sometimes Eel-shaped, naked or with 
small scales. Dorsal and anal fins elongate, the former constituted 
entirely of spines, or anteriorly of spines or non-articulated rays, 
and posteriorly of soft rays Caudal fin usually distinct, with 
expanded hypural. 

A large family, mostly of small Marine Pishes, the arrange- 
ment of which still offers great difficulties. Whether the 
aberrant genera GerdaU and Ptilichthys deserve to be regarded as 
the fypes of distinct families cannot be decided until the 
skeleton has been examined. The species number about 350, 
from nearly all the seas, a few inhabiting fresh waters, and are 
referred to numerous genera, of which the following are the 
principal: — Oado^sis, Enneanectes, Seterostichus, Acanthoelinus, 
GUnus, Emmnion, Blennius, Ghasmodes, Petroscirtes, Xijphasia, 
Anarrhichas, Pataecus, Salarias, Ophiohlennius, Anojplarchus, 
Xipliistes, OpisthocentruSf Ghaenojps%s, PTioledichthys, Lumpenus, 
Eemains of Glinus and Plennius have been described from the 
Miocene, and the extinct genus Pterygoce^hcdus, jErom the Upper 
Eocene, is regarded as allied to Glinus, 

The Blenniidae are mostly carnivorous, but a few are herbi- 
vorous ; some are viviparous (Glinus), others oviparous. Species 

^ On the habits and anatomy of the French species, of. Guitel, Arch, Zool, 
Enepir, (2) vi. 1888, p. 423. 
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of Blcunius occur in abundance on our coasts, and are among the 
most familiar tenants of small rock-pools. Their habits have 
been admirably described by Guitel.^ The male makes a sort of 
nest, and defends the brood. Numerous species of the genus 
Scdarias occur in the tropics ; these little fish, as their name 
implies, are remarkable for the long leaps they are able to make. 
The largest of the Blenniids are the “ Wolf-Fishes,” often named 

Cat-Fishes ” {Anarrhichas), of which one species (A. lupus) is 
common on the British coasts, growing to a length of 5 or 6 
feet. It is impossible,” says Brown Goode, to imagine a more 
voracious-looking animal than the Sea Cat-Fish, with the massive 
head and long sinuous, muscular body, its strongly rayed fins, its 
vice-like jaws, armed with great pavements of teeth, those in 
front long, strong, pointed, like those of a tiger. It has been 
. known to attack furiously persons wading at low tide among the 
rock-pook” Its flesh is excellent eating, but generally despised 
in this country owing to the unprepossessing appearance of the 
animal 

Pam. 10. BatracMdae. — Suborbital arch absent; basis 
cranii simple; mouth very large, slightly protractile, bordered 
to a great extent by the maxiUaries. Yertebrae numerous, 
29-46 (11-12 + I'Z-Si), without ribs, with sessile epipleurals, 
simulating ribs;^ parapophyses rudimentary or absent. Post- 
temporal small and ankylosed to the skull ; scapula and coracoid 
much reduced, 4 or 5 elongate pterygials, dilated distally, the 
two lower in contact with the coracoid. Yentral fins jugular, 
with 1 spine and 2 or 3 branched rays. Gill-openings narrow, 
the gill -membranes broadly grown to the isthmus ; gills 3 ; 
pseudobranchiae absent. Head broad and depressed ; body naked 
or with small scales. Spinous dorsal very short, soft dorsal and 
anal long. 

This family is on the whole intermediate between the 
Blenniidae and the Pediculati. Sluggish, voracious, carnivorous 
Fishes from the shores of tropical and warm seas, some of them 
ascending rivers. The species number about 20, referable to 

^ Arch, Zool, JSkc^ir, (3) i. 1893, p. 325. 

2 What has beea described as the rib of the first vertebra is an ossified liga- 
ment, probably homologous -with the first epipleural, which extends from the 
clavicle to the neural arch of the first vertebra scoi^pulo-occiriitaU of 

Siebenrock). 
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5 genera : BatracliuSj OjpsanuB, Tlialassojphryne, Tlialassothia, and 
PoricMJiys, The eggs of Batmchus tan are very large, ^ inch 
in diameter, and are deposited in a little retreat provided by the 
parent ; the male assumes the care of the brood , the young fasten 
themselves to rocks by means of an adhesive ventral disk, which 
soon disappears.^ 

In Thalassojphryne, from the coasts of Central America, the 
opercular spine and the two dorsal spines are perforated, and 
convey poison from subcutaneous sacs situated at their base.^ 
In the American genus PoriclitJiys the head and body bear series 
■of greatly developed mucous pores, some of which simulate 
the photophores of Scopelus, but are not luminous.^ 



Fig. 429 — Ponchthys porosissvt/im (After Goode and Bean ) J nat size. 


Fam. 11. Pholididae. — Suborbitals not forming a subocular 
shelf, mouth scarcely protractile, with thick hps. Praecaudal 
vertebrae similar to the caudals, without transverse processes, 
with hsemal arches , ribs sessile. Gill-membranes free from the 
isthmus ; 4 or 5 brauchiostegal rays , gills 4, a sht behind the 
fourth , pseudobranchiae present. Scapular arch as in Blenniidae. 
Ventral fins jugular and rudimentary, or absent. Body elongate, 
compressed, with very small scales. Dorsal and anal fins 
elongate, the former constituted entirely of non-articulated rays 
-or spines Caudal fin distinct, with expanded hypural. 

Small shore fishes of the Northern Seas, differing from the 
Blenniidae in the structure of the praecaudal vertebrae, in spite 
'Of the external resemblance which the two known genera, Pholis 
(Gentronotm) and Apodichthys, bears to AnoplarcJius and Xiphistes. 
Species about 10. 

^ On the breeding habits and derelopnaent of this fish, cf. J. A. Ryder, Pull. 
U,S. Fish Comm, vi. 1886, p. 4, and Proe. Acad, Philad, 1890, p. 407. 

2 Cf. Gunther, Trans. Zool. Soc. vi. 1869, p. 437. 

® Cf. C, W. Greene, Journ. of Mor^hol. xv. 1899, p. 667. 
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A well-known British fish of this fiiuiily is the little Gnnnel 
or Butter-Fish {Phohs gunnellus), remarkalfio for the manner in 
which the female protects her offspring, coiling herself round 
the eggs, which she rolls up into a ])all about the size of a 
Brazil nut, in holes of the boring Mollusc (Pltolas). The male 
sometimes assists the female. 

Fam. 12. Zoarcidae. — Suborbitals not forming a subocular 
shelf; mouth feebly protractile. Praecaudal vertebrae with strong 
transverse processes bearing ribs and epipleurals. Gill-membranes 
usually more or less broadly united to isthmus ; 5 to 8 branchi- 
ostegal rays ; giUs 4, a slit behind the fom-th ; psoudobranchiae 
present or absent. Scapular arch as in Blenniidac. Ventral 
fins jugular or absent ; if present, with 1 to 4 rays. Body more 
or less elongate, naked or with very small scales. Dorsal and 
anal fins elongate, all the rays articulated, or a few of the 
posterior dorsals spinous. Usually no distinct caudal fin. 



Fig. 430. — Ty;p\lowmrmus xj. (After Gunther ) 


These fishes have usually been placed, in part at least, near 
the G-adids, but they have more in common with the Blenniids, 
as pointed out by Jordan and Evermann, and may be regarded 
as degraded forms descended from the latter.^ The family is 
widely distributed in all seas, many of the forms being specially 
adapted to live at great depths. The species known number 
about 130. Principal genera: Scytalina, ZoarceSy I/ycodeB^ 
Gymnelis, Ly cocam, Melanostigma, Dercpodichthys^ Bathyonm, 
PoTogadus, Bythitis, NeolythitiB, Cataetyx, Selachophidium, Acan- 
thonus, Tyjphlonus, ApTiyonus, Tauredophidium, Bhodichthys, 
Brosmojphycis, Brotula, Lucifuga, Lamj^rogmmmus, Diplacarutho^ 
jpoma, Se^htlfiocara, 

^ It is in fact, in some cases, difficult to decide whether a genus should he» 
referred to the Gadidae or to the Zoarcidae. 
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Some are oviparous, others {Zoarces, Dijplaca%t7io;poma^ Eejphtlio- 
cara, Lucifuga) viviparous. The eyes are absent, or at least not 
visible externally in some of the bathybial forms {Tyjphlonus, 
A^phyonus, Tauredophidium), as well as in the only known fresh- 
water forms, the Cuban Cave-Fishes Stygicolcc and L%icifuga, which 
are evidently allied to the marine Brotula, whilst the blind 
Cave-Fishes of North America (cf p 618) are derived from fresh- 
water types. It IS beheved that blind fishes are found also in 
caves of the island of Jamaica, but no specimens have been seen 
by naturahsts. The largest Cuban Cave-Fish is 5 inches long^ 

Pam. 13. Congrogadidae. — ^Eel-shaped Fishes without ven- 
trals, allied to the Blenniidae, but with all the rays soft and 
articulated, the post-temporal small and ankylosed to the skull, 
and the sub-orbitals produced into laminae supporting the eye- 
ball. Lips much developed ; gill-membranes &ee from isthmus ; 
scales very small. 

A single genus, Gongrogadv^, with three species from the 
Australian and East Indian coasts. The recently described 
Japanese genus Eierichthys has been referred to this family. 

Pam. 14. Ophidiidae. — Degraded Blenniids, closely related 
to the Zoarcidae, with pseudobranchiae, with tapering tail without 
distinct caudal fin, and with the ventral fins each reduced to a 
pair of filaments or a bifid ray inserted just behind the chin at 
the extremity of the clavicle, which is produced forwards as a 
slender rod. 

Small marine, carnivorous fishes, from the Atlantic and 
Southern Pacific coasts as well as from great depths in the 
Atlantic, Pacific, and Indian Oceans. About 25 species are 
known. Genera : OpTiidium, Lepophidium, Genypterus, 

Pam. 15. Podatelidae. — Mouth inferior, protractile, toothless 
or with minute teeth. Praecaudal vertebrae with transverse 
processes, to which the ribs are attached Gill-membranes 
narrowly attached to isthmus , 8 or 9 branchiostegal rays ; gills 
4 , no pseudobranchiae. Supratemporal loosely attached by 
ligament to the skull; scapula cartilaginous, perforate, bearing 
the base of the pectoral fin, which is an undivided cartilaginous 
plate; coracoid small, ossified. Ventral fins jugular, each re- 
duced to a single stout filament made up of two intimately 
coherent rays. Body short, tail elongate and tapering, com- 
^ Cf. Poey, Mem. Gubat ii. p. 90 (1860). 
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pressed ; no scales. A short dorsal fin, without spines, situated 
above the pectorals ; a long anal fin, continuous with the caudal. 



Fig. 481.— Pectoral arcli of Podateles indieus. Clavicle ; cor, coracoid ; :pd\\ pelvis ; 

pterygial ; post-temporal ; sc, scapula ; sc^, supraclavicle. 

The genus Fodateles {AteUojpus) comprises only two species 
from the deep sea, one from Japan and one from India. 

Division IX.— TAENIOSOML 

Exceedingly compressed, more or less elongate, often ribbon- 
like fishes of doubtful affinities, probably related to the earlier 
Acanthopterygians, the ventral fins, when well developed, com- 
prising as many as 7 to 9 rays. Dorsal fin extending from the 
head to the end of the tail, its rays simple (separable into lateral 
halves), the anterior often prolonged; anal fin very short or 
absent. Pectoral fin with horizontal or nearly horizontal base, 
the rays supported by the scapula and by three short pterygials, 
all three, or two at least, of which are related to the coracoid. 
Eibs small and slender, or absent. Post-temporal simple and 
solidly attached to the skull. Scales minute or absent. 

Deep-sea or pelagic fishes from the Atlantic and Mediterranean 
and from the Pacific; the life-histories are still very imperfectly 
known, and great changes of form take place with growth. Only 
two families.^ 

^ On the general structure, anatomy, and metamorphoses, cf. L. Powell, Tr. JSf, 
Zeal, IkisL ii. 1878, p. 269 ; Emery, Att% Acc, Lince% iii. 1879, p. 390 ; Lutken 
Vid, Meddel. 1881, p, 190, and Overs, Fid. SelsTc, Slcr. 1882, Suppl. p. 21 
Collett, Forh. Vvd, Selsh, Christ. 1883, No. 16 ; T. J. Parker, Tr. Z. S. xii. 1886, 
p. 5 ; Smitt, BiJu Fdren. Forh. i. 1889, p. 17 ; A. Meek, Stud. Mus. Vniv. Coll, 
Dundee^ i. 1890, No. vi, ; F. Mazza, Int. Mouatsohr, Arutt. xviii, 1901, p. 129. 
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Pam. 1. Trachypteridae. — Mouth very protractile; ventral 
fins more or less developed, with 6 to 9 rays, or reduced to a 
single long ray ; no anal fin ; vent about the middle of the body ; 
caudal rays, if present, divided into two fascicles, the upper some- 
times much prolonged and directed upwards. 



Two genera. The most generalised is Trachyptenis, of which 
probably only 10 forms are entitled to specific distinction. The 
best known species is T, arcticus, the Deal-Fish or Northern 
Eibbon-Fish, which reaches a length of 8 feet or more, and of 
which a few specimens have been stranded on the coasts of 
Scotland. Nilsson, who has observed these fishes alive on the 
Scandinavian coast, says they approach the shore at flood-tide on 
sandy shelving bottoms, and are often left by the retreating 
waves , that they move with one side turned obliquely upward, 
and that they lie on the side like Flat-Fishes on the bottom in 
2 or 3 fathoms of water. Regcdec'us differs in the presence of a 
single ray to the ventral and the absence of the caudal fin. 
Some 5 or 6 species may be distinguished. B, glesne, the Oar- 
fish, or "'King of the Herrings,” is the best known and the 
largest species, reaching a length of over 20 feet. About 25 
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specimens are known to have occurred on the British coasts* 
Some of the accounts of Sea-Serpents ” are probably based on 
this fish, which has been observed to swim with undulating 
motion and with a small portion of the head as well as the crest- 
like anterior part of the dorsal fin above the water. 

The fish named Stylo'pliorus chorclatus, which has been referred 
to this family, is known from a single specimen too imperfectly 
preserved to afford a clear idea of its afi&nities. 

Fam. 2. Lophotidae. — Mouth moderately protractile ; ventrals 
very small, if distinct, with 4 or 5 rays ; abdominal cavity 
extending nearly the whole length of the much elongated body, 
the vent very far back and followed by a short anal fin ; caudal 
fin small, not divided. 

A single genus, Lophotes, with 3 or 4 species, from the Medi- 
terranean, the tropical Atlantic, the Cape of Good Hope, Japan, 
and Hew Zealand, reaching a length of 6 feet or more. The 
dorsal fin commences with an extremely long and strong spine on 
the head, whi'ch is much elevated and truncate in front. 

Sub-Order 11. Opisthomi. 

Air-bladder without open duct. Opercle well developed, 
hidden under the skin ; supraoccipital in contact with the 
frontals, separating the parietals. Pectoral arch suspended from 
the vertebral column, far behind the skull; no mesocoracoid* 
Vertical fins with spines. Ventral fins absent. 

This division stands in the same relation to the Acantho- 
pterygii as do the Apodes to the Malacopterygii. The single 
family is possibly derived from the Blenniidae. 

Pam. 1. Mastacembelidae. — ^Body more or less Eel-shaped ; 
a series of short spines detached from the very elongate dorsal 
fin, which is more or less confluent with the likewise very 
elongate anal fin. A single nostril on each side. Mouth not 
protractile, bordered by the praemaxillaries, to the upper border of 
which the maxillaries are attached. Gill-cleft inferior ; gills 4 ; 
branchiostegal rays 6 ; no pseudobranchiae. Vertebrae numerous 
(72-95), the praecaudals with transverse processes bearing the 
ribs. Scales very small 

Carnivorous fishes, from fresh and brackish waters of Southern 
Asia and Tropical Africa. 33 species are known, referable to 
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two genera : Mastacemlelus and Bhynchobdella, The largest 
species reach a length of three feet. Little is known of their 
habits. Of the Indian Rhynchohdella ctculeata, Day says it 
conceals itself in the mud and becomes drowned in water if 
unable to reach the surface, as it apparently requires to respire 
air directly. 



Pig. 433 . — Mastacenibdiis maculatus. x J. 

Sub-Order 12. Pediculati. 

Air-bladder without open duct. Opercle large, hidden under 
the skin ; supraoccipital in contact with the frontals, separating 
the parietals. Pectoral arch suspended from the skull ; no 
mesocoracoid. ITo ribs, no epipleurals. Ventral fins jugular. 
Gill-opening reduced to a foramen situated in or near the axil, 
more or less posterior to the base of the pectoral. Body naked 
or covered with spines or bony tubercles. 

A small, natural group, connected with the Acanthopterygii 
Jugulares through the Batrachidae, in which the elongate pterygials 
of the pectoral fin foreshadow the kind of arm (‘‘pseudobrachium ”) 
which is more or less characteristic of these highly aberrant Pishes. 
As in the Batrachidae, the post-temporal is flat and ankylosed to 
the cranium, and the suprascapula is much elongated. The ptery- 
gials, two or three in number, are separated from the small scapula 
and coracoid by a broad ligament, the arm-like pectorals being 
more or less distinctly geniculated and inserted far back behind 
the cranium. The head is large, the basis cranii simple. The 
gills are reduced to 2, 2^, or 3. The spinous dorsal, if present, 
consists of a few rays, which may be modified into tentacles 
inserted on the head. Vertebrae 17 to 31. 
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Five families : — 

I. Gill-opening in or behind lower axil of pectoral ; mouth large, terminal 
or directed upwards. 

Pectoral fin scarcely genicnlated ; ventrals present . 1. Lophiidae. 

Pectoral fin scarcely genicnlated ; ventrals absent . 2. Ceratiidae. 

Pectoral fin strongly genicnlated ; ventrals present . 3. Antennariidae. 

II. Gill-opening behind lower axil of pectoral; mouth large, inferior; 

ventrals absent ...... .4. Gigantactinidae^ 

III. Gill-opening above axil of pectoral ; mouth rather small, subterminal 

or inferior; pectoral fin strongly genicnlated; ventrals present; spinous 
dorsal absent or reduced to a small tentacle lodged in a cavity under the 
snout . . . . . . • • .5. Malthidae, 

Fam. 1. Lophiidae. — Mouth extremely large, terminal, with 
very strong cardiform teeth. Gill -opening in lower axil of 
pectoral ; pseudobranchiae present. Pectoral fin scarcely geni- 
culated, with two pterygials. Ventral fin with 1 spine and 5 
branched rays. Spinous dorsal present. Skin naked. 

Twelve species, referable to three genera (Lojphius, Ohirolophius, 
and ZopMomus) living on the bottom of the Atlantic, Indian, 
and Pacific Oceans, at moderate or great depths. Lophius was 
represented in the Upper Eocene of Monte Bolca. 



Fig, 434 . — Qhwolophius ruiresiu (After Gunther.) x J. 


The Fishing-Frog or Angler (Lophms piscatorius) has a wide 
distribution, occurring on the coasts of Europe and North 
America. The first dorsal ray, inserted on the snout, is very 
long, movable in every direction, and terminates in a dermal 
fiap, which is supposed to be used by the “ Angler ” as a bait, 
attracting other fishes, which are soon ingulfed in the enormous 
gape. It grows to a length of over 5 feet. The ventral rays 
are very elongate in the young. 
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Fam. 2. Oeratiidae. — Mouth extremely large, terminal, with 
strong cardiform teeth. Gill-opening in lower axil of pectoral , 
pseudobranchiae absent. Pectoral fin scarcely geniculated, with 
three pterygials. Ventral fins absent. Spinous dorsal fin 
usually present, sometimes reduced to a single tentacle on the 
snout. Skin naked. 

The members of this family, about 25 in number, are all 
inhabitants of great depths (300-2600 fathoms). The colour of 
the body is usually a deep black, and the first dorsal spine, on the 
head, may terminate in a luminous bulb with or without 



Fig. 435 . — Einmntolojphm temhardti, outline and skeleton. (After Lutken.) x 1. 


filaments. “The Bathybial Sea-devils,'" writes Gunther, “are 
degraded forms of Lo^Mus ; they descend to the greatest depths 
of the ocean. Their bones are of an extremely light and thin 
texture, and frequently other parts of their organisation, their 
integuments, muscles, and intestines are equally loose in texture 
when the specimens are brought to the surface. In their habits 
they probably do not differ in any degree from their surface 
representative, Zojphius” 

Principal genera • Ceratias, Aceratias, Oneirodes, Simantolo^'huB, 
Aegaeonichthys, MelanocetvSf Liocetus^ Linojphryne, Gavlojph/ryney 
Lolopichthys, 
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Fam. 3. Antennariidae. — Mouth large, vertical or very 
oblique, turned upwards, with cardiform teeth. Gill-opening in 
or behind lower axil of pectoral ; pseudobranchiae absent. 
Pectoral fin forming an elbow-like angle, with three pterygials. 
Ventral with 4 or 5 rays. Spinous dorsal present. Skin naked 
or spinulose. 

About 40 species, referable to 6 genera: FteTo;phTyne, 
tennarius^ Bmchioniclitliys, SaccariuSy and Ghaunax. 

The species of Antennarius live mostly in coral groves, where 
they lie in wait for prey, well concealed by their protective 
coloration and the harmonising aspect of their integument and 
appendages. To this genus also belongs the “ Marbled Angler ” 
(A. marmoTatii£)y carried about in mid ocean among the Sargassum 
weed, to rest on which, from its peculiar arm-like pectoral fins, 
it is specially fitted ; there it makes its wonderful nest of silk- 
like fibres, probably secreted by the parent as in the Sticklebacks, 
with large bundles of eggs hanging like grape clusters.^ Tiie 
deep-sea Gliaunam inflates its abdomen like Tetrodon, 

Fam. 4. Gigantactinidae. — ^Mouth inferior, snout produced 
into a long tentacle directed forwards, and bearing a luminous 
organ. Body covered with small spines. . Otherwise as in the 
Ceratiidae. Gigantactis wnhoeffenij of Brauer, from the Indian 
Ocean, at depths of about 1000 fathoms. 

Fam. 5. Malthidae. — Mouth rather small, subterminal or 
inferior, with villiform or cardiform teeth. Gill-opening above 
pectoral ; pseudobranchiae absent. Pectoral fin forming an 
elbow-like angle, with three pterygials. Ventral with 5 rays. 
Spinous dorsal absent, or reduced to a more or less developed 
tentacle lodged in a cavity under the snout. Head and body 
with bony tubercles or spines. 

About 30 species are known, mostly from the deep sea within 
the tropics (down to 1270 fathoms). Principal genera: Goelo;phTy$y 
Malthe, Mcdtho;psiSy Halieutaea, HalicmetheSy JOibranoJius. 

The Bat-Fish ” {Mcdthe vespertilio), common in shallow water 
about the West Indies, is said to assume an almost toad-like 
attitude on the ground, the head being directed slightly upwards, 
while the pectorals take on the function of hind legs and the 
ventrals of fore legs. 

^ Of. A. Agassiz, Amer, Joum. Sci. (3), iii. 1872, p. 154 ; J. M. Jones, Naiv/rt^ 
xix. 1879, p. 863 ; Yaillant, Q. Soc. Biol: (8), iv. 1887, p. 732. 
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Sub-Order 13. Plectognathi. 

Air-bladder without open duct. Opercular bones more or less 
reduced ; supraoccipital in contact with the frontals, separating 
the parietals; maxillary and praemaxillary bones often firmly 
united. Pectoral arch suspended from the skull. No ribs. 
Ventral fins thoracic and much reduced if present ; the pelvic 
bones, if present, more or less completely co-ossified. Gill-open- 
ing much reduced. Body covered with more or less osseous 
scales, bony scutes, or spines, or naked. 

A highly aberrant group, closely connected with the Acan- 
thopterygii through the Acanthuridae, as pointed out long ago 
by Dareste.’- The skeleton is often feebly ossified and the 
vertebrae much reduced in number, but the jaws, although short, 
are very strong, usually with large sectorial teeth which may be 
confluent into a beak; the post-temporal is short and simple, 
suturally united to the squamosal. These fishes have usually 
been arranged in three divisions : Sdeo-odernrii, Ostmcodermiy and 
Gymnodontes, but Began, ^ whose classification is here followed, 
has shown that the latter include a type {Triodon) which, in 
spite of its beak-like teeth, is more nearly related to the Sclero- 
dermi, whilst the Ostracodermi have much more in common with 
the latter than with the Gymnodontes. It therefore appears 
best to admit only two divisions, the first with 4, the second 
with 3 families : — 

I. ScLERODEBMi. — Siipraclavicle vertical ; pectoral arch of the Perciforui 
type ; all the vertebrae with a single neural spine. 

A Body covered with hard or spinous scales ; epipleurals present ; 
pelvis present. 

Teeth separate ; spinous dorsal present ; ventrals paired ; pelvis immovable 

1. Triacanthidae, 

A beat ; spinous dorsal and ventrals absent ; pelvis movable 

2. Triodontidae. 

Teeth separate; spinous dorsal present; ventrals absent or represented 
by a single short spine ; pelvis movable . . 3. Balistidae. 

B. Body encased in a carapace; no epipleurals; spinous dorsal, pelvis, 
and ventrals absent . . . .4. Ostradontidae, 


^ Ann, Sd, 2^at, Zool. (B\ xlv. 1850, p. 105, and C. JS, Ac, Sci, Ixxiv. 1872> 
p. 1527. 

® Froc, Zool, Soc, 1902, ii. p. 284. 

VOL. VII ^ 3 A 
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II Gymnodontes — Supraclavicle oblique or neaily boiizontal; lo■\^e^ 
three ptei^gials enlaiged and immovably united to tlie coiaco-scapulai 
cartilage, anterioi vertebiae with bihd diveigent neural spines, pel\is 
absent 

Beak with a median suture ; interopeiculum not connected with subopei- 
culiim, caudal hn pi esent , body inflatable . 1. Tetiodontidae 

Beak 'without median sutuie , in tei operculum attached posteiiorly to sub- 
opeiculiim , caudal fin present ; body inflatable. 2 Diodontidae 
Beak 'without median suture , interoperculum attached posterioily to sub- 
operculum, caudal fin absent, the body non-inflatable, tiuncate posterioily, 
'With the dorsal and anal fins confluent . . 3 Mokdae, 




Fig 486. — Left side of pectoral arch of A, Tnacmthus hretirostn% and B, Tetradm 
mbu, cl, Clavicle , cm, coiacoid , pel, post-clavicle , p o, pectoral rays , ptr, ptery 
gials ; sc, scapula , scl, supraclavicle 

Division I— SOLEEODEEMI. 

Supraclavicle vertical ; pectoral pterygials not enlarged, mov- 
ablj attached by ligament to the scapula and coracoid, three to 
the former and one to the latter. All the vertebrae with the 
neural arches forming a single spine. Basis cranii more or less 
distinctly double ; dentary and articular completely co-ossified. 

Pam. 1. Triacanthidae. — PraemaxiUanes protractile, free 
from the maxillaries : teeth in the jaws separate, conical or 
incisor-like , palatine arch firmly united to the skull. Gills 4. 
Praecaudal vertebrae with parapophyses ; epipleurals present. 
Spinous dorsal fin with 2 to 6 spines. Ventral fins each repre- 
sented by a strong spine, with an inner basal knob which locks 
it when everted, larely with the addition of 1 or 2 rudimentary 
soft rays; pelvis present, firmly united to the pectoral arcL 
Scales small, sometimes spinous or bony. Vertebrae 20. 

Marine fishes from the Indian and Western Pacific Oceans. 
Ten species, referable to three genera : Tnacanthm, Triacanthod^, 
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Halimochirurgvs. The latter, remarkable for its long, tube-like 
snout, is the only deep-sea form of this Sub-order ; it was recently 
discovered in the Gulf of Manaar, at a depth of 143 fathoms. 
Tossil genera are Acanthopleiirus, Oligocene, and Sjo%Qiaccintlius, 
Eocene. 

Fam. 2. Triodontidae. — Praemaxillaries not protractile, 
hrmly united to the maxillaries ; teeth coalescent into a beak, the 
upper jaw divided by a median suture, the lower simple. Prae- 
caudal vertebrae with or without parapophyses ; epipleurals 
present. No spinous dorsal fin. No ventral fins. Abdomen 
with a dilatable sac, kept expanded by the very long movable 
pelvis. Body covered with small, spiny, subimbrieate, bony 
laminae. Vertebrae 20. 

A single species, the curious Triodon lursarius of the Indian 
Ocean and Archipelago. 

Fam. 3. Balistidae. — ^Praemaxillaries not protractile, firmly 
united to the praemaxillaries ; teeth incisor-like ; palatine mov- 
ably articulated with ectopterygoid, or entirely free from it. 



Fig. 487 . — MonacanthvSf sp., with enlarged views of dorsal scales (5) and 
ventral spine (c). 


Gills 4. Praecaudal vertebrae with well-developed parapophyses, 
to which epipleurals are attached. Spinous dorsal fin with 1 to 
3 spines. Ventral fins, if present, represented by a single short 
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rough spin© at the end ot the long, movable pel\is. Body covered 
with juxtaposed movable scutes or with minute rough scales. 

About 100 species are known from the tropical and warm 
seas, one species (BcLlistcs co.i'io'iscus^ occasionally wandering as far 
north as the south coast of England. Genera : l>ciJ istcs^ ^Fouti^ 
cantlms, Pamluteres, Pseudaluteves, Pseudomonacanthus, Alutcres, 
Psiloce:phalvs. The Oligocene genus Aoanthodenna is closely 
allied to Balistes, 

The ‘"File-Fishes” or “Trigger-Fishes” (Pulisfcs), the largest 
species of which grow to nearly 3 feet, have a powerful dentition, 
which enables them to break off pieces of corals, on which they 
feed, and to bore holes in the hard shells of Mollusca in oivler to 
extract the soft parts ; they are themselves well protected by a 
mail of hard, rhomboidal scales. The herbivorous Monacttnilms 
is less favoured in this respect, the rough scales being so small as 
to give the skin a velvety appearance. 

Psilocephahts differs from MonacantMis in its very elongate 
head and body, the very feeble dorsal spine, the presence of a 
mental barbel, and its more numerous vertebrae (29 or 30 instead 
of 18 to 21). The flesh of many of these fishes is poisonous.^ 
The drumming sounds produced by Balistcs have been described 
by Mobius.^ 

Pam. 4. Ostraciontidae. — Praemaxillaries not protractile, 
firmly united to the praemaxillaries ; teeth incisor-like ; palatine 
immovable. Gills 4, Praecaudal vertebrae with very feeble para- 
pophyses and no epipleurals. No spinous dorsal fin. Clavicles, 
coracoids, and post-clavicles much expanded. No ventral fins. 
Body encased in a carapace formed of large, juxtaposed, mostly 
hexagonal bony plates. Vertebrae 14 to 1C. 

The species of "" Trunk-Fishes ” number about 20, and are refer- 
able to 3 genera : Aracana, Ostracion, Lmto^lwys ; all belongs to 
the tropical seas, living near the bottom in shallow water. The 
genus Ostracion is represented by one species in the Upper 
Eocene. 

The rigid box in which these fishes are encased entails naore 
use of the dorsal and anal fins for progression than is customary 

» 

^ Of. Pellegrin, Pomons VMneux (Paris, 1900, 8vo), which contains a 
very full risum4 of what is known of the toxic properties of the various 
Plectognaths. 

2 Mzb. Akad. Berl. 1889, p. 999. 
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among fishes. According to Brown Goode, '' the propelling 
force is exerted by the dorsal and anal fins, which have a half 
rotary, sculling motion, resembhng that of a screw propeller ; the 
caudal fin acts as a rudder, save when it is needed for unusually 
rapid swimming, when it is used as in other fishes ; the chief 
function of the broad pectorals seems to be that of forming a 
current of water through the gills, thus aiding respiration, which 
would otherwise be difficult on account of the narrowness and in- 
flexibility of the branchial apertures. When taken from the 
water, one of these fishes will live for two or three hours, all the 
time solemnly fanning its gills, and when restored to its native 



Fig. 438 — Ostracim q%iadncorn%$. x J. 


element seems none the worse for its experience, except that, on 
account of the air absorbed, it cannot at once sink to the bottom.'’ 
“ ITo group of tropical fishes," says the same author, is so 
thoroughly worked out in the writings of the fathers of natural 
history as this one. Over 200 years ago every species of trunk- 
fish now taken from the Atlantic was known to and described by 
the naturalists, and it is a well-deserved* tribute to their dis- 
crimination as zoologists to say that none of the many efforts 
which have since been made to subdivide their species have been 
at all successful." 


Division II.— GYMNODONTES. 

Supraclavicle oblique, sometimes nearly horizontal; lower three 
pectoral pterygials enlarged and immovably united to the coraco- 
scapular cartilage ; upper pterygial small, suturally united to the 
scapula. Anterior vertebrae with bifid divergent neural spines. 
Basis cranii simple , suture between dentary and articular evident. 
Pelvis absent. 

The spinous dorsal and the ventral fins are constantly absent, 
the praemaxillaries are united to the maxiUaries, and the teeth 
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are coalesceni, forming a beak ; parai^opliyses are not developed, 
and epiplenrals are absent. 

Fam. 1. Tetrodontidae. — ^Beak with a median snturo. Inter- 
operculum a long rod, attached to inner face of praeoperculuni, 
sometimes connected with operculum, never with suboperculuin. 
Gills 3. First 4 or 5 praecaudal vertelnue with bifid neural 
spine and closed neural arch. Skin naked or with movable spines, 
rarely with bony plates; belly inflatable. Vertebrae 17 to 29, 

The ''Puffers'' or " Globe-Fishes" comprise about GO species, 
referable to 5 genera: Tetrodon, TrojniUchthys, J^eno^ 

ytcrus, Ghonerhinus, They inhabit all the tro])ical and warm seas, 
a few species being confined to fresh water, lleniains of 2'ctrodon 
have been found in Upper Eocene and later formations. They 
are remarkable for the manner in which they inflate themselves 
with air.’- The flesh of most species is poisonous. 

Fam. 2. Diodontidae. — Beak without median suture. Inter- 
operculum rod-like, attached posteriorly to the rod-like anterior 
limb of the suboperculum. Gills 3. All the praecaudal vertebrae 
with bifid neural spines. Skin with movable spines ; belly inflat- 
able. Vertebrae 21 or 22. 



Fig. 439 . — Diodon gcometricm. (After Goodo.) 


Only two genera appear capable of clear definition : Diodon 
mi Zyosjohaera ; species about 15. Numerous species have been 
described from the Upper Eocene and later formations. 

" Porcupine Fishes " are confined to tropical seas, and have 
attracted attention from the earliest times, being frequently pre- 
served as " curiosities." Their flesh is regarded as poisonous. 

Fam. 3. Molidae. — Beak wiihoiit median suture. Inter- 
operculum rod-like, attached posteriorly to the rod-like anterior 
limb of the suboperculum. Gills 4. Anterior praecaudal vertebrae 
with divergent bifid neural spines and neural canal not roofed ia 
^ Of. Thilo, Anat. Anri. xvi. 1899, p, 73. 
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Body non-inflatable, truncate posteriorly, without caudal peduncle; 
caudal fin absent, the dorsal and anal fins confiuent. Skin 
rough or tessellated. Vertebrae 17 in Orthagoriscus. 

The very young are armed with spines. 



Fig. 440. — Orthagoriscus miola. (After Goode.) 

The “ Sun-Fish ” are extraordinary creatures found in the open 
sea or descending to great depths, and of wide distribution. 
The number of species is still very uncertain, but two generic 
forms, Orthagoriscus or Mola and Manzania, are easily distin- 
guished. Examples of both occur now and then on our coasts. | 
Orthagoriscus mola grows to upwards of 8 feet and to a weight|j^ 
of 1800 pounds. It has been observed to swim slowly about, 
near the surface, the high dorsal above the water. Its food is 
said to consist chiefly of jelly-fish and larval fishes ; its mode of 
reproductio^ai-aiid places of breeding are still unknown. 
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Abbott, 193 n. 

Abcona, 6?0 
Abdominal pores, 401 f. 

AhramSf 582 
Ahyssascidia, 73 
Acantlwjyhntinj 706 

AcmithiaSi J{A5^ 298 ; vertebral column, 
198 ; uterine nutrition, 434 ; A, vul- 
garis, 264, 455 ; pectoral flu, 243 
Acmthicics, 595 
A(^i>nthistius, 659 
Acanthocepola, 662 
Acanthodims, 709 
Acanthocyhiim, 678 
Acanthodei, 440 f., 148 
AcantlwdertMi, 724 
Acanthodes, 44^; wanli, 441 
Acanthodidae, 44^ 

Acantlwdo;igsis, 44^ 

Acanthonus, 712 
Acanthophtlialnms, 582 
Amnthopleurus, 723 
Acantlwpoma, 589 

Acanthopterygii, 650 f., 159, 306, 643 ; 
diagram showing relationships of groups, 

651 

Acanthuridae, 668, 357, 651, 652, 654 
Acanthunis, 668; A. chirurgus, 357 
Acara, 672 

Accessory respiratory organs, 292 
Acentfonura, 634 
Acentrophorus, 498 
Aceratias, 719 

Ac&rina, 659 ; A. cernucL, 659 
Amtra, 595 ; A, gladius, 696 
Acestrorhamphiis, 575 
Amtrorhynchus, 575 
AchUognathus, 582 
Achmpsis, 6^7 
Acikirus, 687 

Adpms&r, 49^^ 149, 262, 264, 273, 274, 


276, 282, 348 ; ribs, 201 ; lymph 
follicles, 261 ; spiral valve, 268 ; gills, 
283, 284 ; air-bladder, 298, 299 ; vas- 
cular system, 319, 322, 328, 334 ; 
spleen, 343 j gouoducts of female, 400, 
405 ; distribution, habits, and food, 493 ; 
breeding, 494 ; economic value, 494 ; 
.<4. huso, 494 ; A. rkyyichuevs, pectoral 
fin, 243 ; A. rutlwms, 493 ; scales, 187 , 
188 ; brain, 376 ; micropyles, 411 ; 
larva, 494 ; -1. sturio, 493, 494 ; verte- 
bral column, 200 ; supra-renalb, 346 ; 
micropyles, 411 
Acipenseridae, 466, 489, 495 
Acipenseroidei = Chondro&tei, g.r. 

Acrama, 118, 

Acrartete, 636 n. 

Acrochordonkhthys, 588 
Acrodus, 446 
Aarogaster, 656 
Acrognathiis, 611 
Acropma, 659 
Acropomatidae, 659, 654 
Aerotiis, 644 
Actinistia, 477 n. 

Actiuopterygii, 476 
Actinoirocba, 28 f., 29 
Acyds, 588 
Adipose fins, 163 
Aegasonichthys, 719 
Aelwichthys, 588 
Aethalwn, 546 
Aethsolepis, 4^8 ; scales, 187 
Aetheospondyli, 4^7 
Aitdbaiis, 465, 466 ; spines, 177 
Agassi 2 ?, 568 n., 686 n., 720 n. 

Ageniosus, 589 ; A. mlenciennesi, 689 
Agnathostomata, 145 ; characters of, 147 
Agoniates, 575 
Agomdae, 700, 694 
AgoTwpsis, 700 
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A(jfnn6 "^(tO 1 cataphi actu<i 700 

A OOG 

A//ij)us b^fo 
.1 da 6 ?9 

Adutf J% , air 1 ladder, 302 
Ailuohthi/% 7SS 
AipiclUht/6, bbb 

Air Ijladtler as an iccessorj respiratory 
otgan 291 f , 1»2Z«, 291 Lepidustnis 
291 299 , is rji jus, 291 Liyth 
/iiiKS ta mains and L ha 

te af)iht% 291, 300 , P ot >pteuts 
291 301 302 , Lep\do<^\'im 291 , struc 
tnu, 297 , in different fishes, 298, 
“red holies, ’ 307 , ‘ led glands, ’ 307, 
308 309 , gases of the air bladder, 309 , 
functions 30 in locomotion 310, as 
a\ocal organ, 35b connexion w ith the 
auditors oigan 388, 389, 390 
Albnla, oJ^S 541, 549 , \estigial conns 
arteiiosub 329, 548 , tonythynthus, 
648 , Ian a, 648 
Albuhdie, 547, 544 
llbuiMis 582 , A lucidvs, 167, 593 
Alcock, 6 O') 

Alder and Hancock, 38 
Alepidosauridae, bl4, 606 
Alepido&ant us, bJ4 1 fetOi., 614 
Alepocephalidae 5t 9, 544 
AUpocephalxis, 57b , A I'ostratus, 670 n 
Aleposomus, 570 
AIlsCss, o75 

Alimentarj canal, of Hemichordata, 11, 
25 , of Tunicati, 54 67 , of Aniphioxiis, 
120 , of Fishes 252 f legions 252 
mesenteries 258 , histolog}, 259 f , 
glands, 270 
AllahenJkelys, ^SS 
Allis bhad, 564 
Allman, 22 n , 705 n 

Akpeeias %idp>es,451, 462 , spiral "v live, 265 
Aluteies, 724 

Amarouenm, SS , A proUfei uni, stomach, 

88 

Ambassmae, 660 
Amhassis, 660 
Amhlophtes, 057 
uimhlyapistus, 695 
Amblyopsidae, 618, 361, 395, 606 
Amblyopsib, blS , -.1 spdaea, 166, 361, 
618 619 
Amblyopu$, 689 
Amhlyphaiyngodon 582 
Axriblypteriis, 4S7 

Amia, 499, 149, 160, 262, 273, 274, 276, 
283, 291, 393, b09 n , fossil, 501 , A 
calm, 499, 600 , scales, 189 , veitebral 
column, 201, 202, 203 , skull, 228 , 
median tins, 235 , pectoral hn, 243, 
244 , spiral valve, 268 , p&eiidobranch, 
284 , air bladder, 297, 299, 310 , liearl^ 
328 , aitexies to air bladdei, 337 , sen 


s IV ciiial, 386 nephrostomes, 401, 
402 , segmentation of ov a, 409 , distri 
bution and habits 499 , spawning, 500 , 
nest, 500, 601 , larvae, 501 
A.miidae, ^50, 299, 497 

imi psi^ >01 

Amuitus, 588, 261; liver and pancreas 
273 , 1 rectal valve 254, renal 

poital sjstem, 319 , -.1 nehxdosu^, 687 
n , 592 , A luqulahis, hlinl, 394 
Ainmocoetes, 488, 46 262, 272, 280, 
280 n , 327, 343, 428 , metamorphosis, 
429 , piotective value of the skin, 429 
Ammoaypta, 650 

Ammodytes, 630, 275 , A lanceolatus, 
639 , 4 tohiayiub, 639 
Ammodytidae, 039 637 
hnmopleutops 067 
immotietis, 087 
Amniota, 145 
Amphei I’itus, 695 

Amphioxus, 112 f , 4, 37, 46, 110 , general 
chai actors, 113 , external chaiacters, 
114 , anatomy, 116, 117 , musculature, 
117 , skeleton, 119 , notochord, 119 , 
aliment irj canal, 120 , bianchial bars, 
122 , endostyle 123 , coelom, 123 , 
vascular sjstem, 124, 125 , renal organs, 
125, 127 , nervous system, 127 , sense 
oigans 128 , gonads, 129 , embryology 
and life history, 130, 130, 131, 132, 
133, 134, 136, 136 , compared with 
Hemichoidato, 11 f , 16, 29 f — see also 
Btanchwstoma 
Aniphipnoidae, 598 

Amplupnous, 598 , respiratory air sacs of, 
598 , A cuclna, 294, 598 
Amphipi ion, 072 
imphuile, 633 , A sti igata, 633 
Amphisihdae, 033 628 
Amphistiidae, 684^ 683 
Amphutimii, 684 > -1 paradoxwn, 684 
Amphistylic, 222, 223 
Anabantidae, 640, 292, 637 , distribution 
of, 646 

Aiutbas, 645 355 , 4 scandem, 646 , 
labj rinthiform organ 293 
Anctbleps, 016 419 , mtromittent organ, 
414 , development of embrjos in ovi 
sacs, 418 , A tetrophthalmus, 617 
Anacanthmi, 646 f , 543, 702, 703 
Anacyrtus, 575 
Anadromous, 413 
Anallantoidea, 145 
Anamniota, 145 
Anampses, 67$ 

Ayiapterus, 611 

Anarrhichas, 709 , teeth, 251 , A lupus, 
710 , eggs, 408 
Anaspida, 5S1 f , 149 
Anchi/iia, 96, 100 , A rubra, 100 , poly- 
morphism, 100 
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Anchov-s, o64 
A?i yhdon^ 063 
An i/l sti/Ius^ 049 
Andetsotua^ SSS, 5S9 
Andrews 113 
Anema, 706 
Angel Shark, 466 
Angler 718 

Anfuilla, 001 \ A wdgans (Common 
Eel), 601 , lar\a, 602 , red glands, 307 , 
renal portal cneulation, 319, 320 
Anguillidae, GOO, 163 405, 649 n 
Anodonia, Rhodens in, 584 
Anofj turns, 549 

Anomalopidae, 660 , photophores, 178 
Xtiomalops, 060 
1 HI malopte'i us, 670 
Anoplarthus, 709 
An ploqaste't , 656, 655 
A)iophpo7)ia, 697, 693 
Anoplopterus, 5S8 
Anostoraiuae, 576 

A7iosfomus (Characmidae), 576 , (Mugi 
hdae), 640 
Ansoige, 560 
Antennariidae, 7^0, 713 
Antennanus, 730, nest, 414, A hispi 
dus, scales, 191 , -^1 marmoiatus, 720 , 
scales, 191 
A7ith%as, 659, 660 
Antiarchi, 532 f , 149 
Antigonia, 667 
Aidimcm, G48 

Anmella, 78 , development of, 78 , A 
roscovita, lar\a, 78 
Apateodus, 611 
Apdtes, 630 
Apha7ic2>us, 679 
Aphareus, 660 

iphia, 689 , A pellucida, 690 
AphwcTiaraXi 575 
^phorisha, 687 

Apimedodetus, 656, 655 , ^1. say anus, 
656 

Aphyonus, 712, 713 
Apisius, 695, 692 

A phdimn, 88 , A zoste/ncola, stomach, 

88 

Apodes 599 f , 306 n 

Apodichthys, 711 

Apogon, 660 

Apolectus, 677 

Apostasii, 668 

Appendicular la, 68, 37 , A smda, 66 
Appendicnlanans 64 
Appendiculariida, 65, 66 
Appendicnlarudae, 68, 38 , nervous system, 
53 

A.ppendxx digitiformis, 276 
Apnon, 660 
Apnonodon, 44^ 

Apna, 582 


itauena, 724 

iiapa%ma, 557 , A gigas, 666, 558 
Arch centra, 19b 
Archaeomaenidae, 545, 544 
Ai chaeomencs, 545 
Ai chaeoteuthi'i, 669 
Aichaeus, 677 

Archenteron, 20, 56, 130, 132 
ircheobatis, 446 
Archinephric duct, 397, 398 
It etc scnpu<i, 663 
Argenteum, 168 
1 j gentina, 565, 569 
itges, 595 
Aiginae, 595 
i rgyrios us t orner, 363 
itcfyropelecvs, 571 
iiLStopus 706 
Aristotle, 36 

Alius, 588, 587, 589 , A austtalis, 593 , 
deposition of eggs, 415 , A LOtiimer 
somt, 593 

Aimed Bullhead 700 
Amoglossns, 687 
Irtipis, 663 

Arthrodira, 535 f , 149 
Arterial system, 329 f 
Artificial pearls, 167 
Ascelichthys, 698 

Ascidia, 72, 73 , stiucture, 39 f , 43, 46 , 
test, 40, 41 , body wall, 42 , mantle, 
42 branchial cavity, 43, 48 , atrial or 
peribranchial cavity, 43 , other cavities 
of body, 44 , tentacles, 44 , emlostyle, 
46 , branchial sac, 47 , heart and circu 
lation, 49, 61 , blood, 49 , neural gland, 
52 , dorsal tnhercle, 52 , nervous sjs 
tern, 53 , sense oigans, 53 ; alimentary 
canal, 54 , renal organ, 64 , repioduc 
tfve organs, 55, emhrjolog} and life 
history, 55, 67, 60 , metamorphosis, 61 , 
A ehallenq&n, dorsal tubercle, 79 , A 
tnentula, structure, 39 f , 40 , test, 42 , 
endostyle, 46 , pliarynx, 47 , nervous 
system, 62 , larva, 78 , A tnerxdxonaVis, 
dorsal tubercle, 79 , A py7\formis, 
dorsal tubercle, 79 , A translucida, 
dorsal tubercle, 79 , A mrginea, 39 f 
Ascidiacea, 70 t , 64 

Ascidiae Compositae, f , 64 , structure, 

81 

Ascidiae I uciae, 90 f, 86 
Ascidiae Simplices, 71 f 
Asoidians, 36, 64, 70 
Ascxdidla asp&rsa, 77 
Ascidiidae, 73, 64, 110 
Ascidnnae, 72 
Ascidiozoozds, 36, 84 

Ascop&ta gigantea, branchial sac, 77 , 
dorsal tubeicle, 79 
As%neops, 656 
Aspidophora, 5 n. 
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Asj^idu;p7u)iuides^ 100 
A&pidorhynchidae, o02 
AsjpxdorhyntJiiLi,^ 502 , ^1, acuti) ostns, 602 
Aspms, SS^ 

AsprediBidae, 590, 575 
Aspedo, 596 i 416 
A^jpyo, b59 
Asi^iotilapm, 672 
Astei acanthub, Jf.If.5 
Asterolepidae, 52^ 

Astexolepis, J34 
Asterospond} lie, 198 
Astroblepus, 59 o 

AstioiieUhcs, 571, 570, 672 ; A. mgei, 
photophoies, 178 

Asymmet)on, 137 ^ 129 , distribution, 138 , 
A bccssanum, 137 , A caiulatiun, 137, 
138 , A. cuigcdense, 137, A cultdlum, 
137, A. heotoii, 137, -1. hicayanum, 
137, 138 ,* A maldiien^e, 137 
Ateleaspidae, 52S 

AtdiBCL'ipitS , 528m 530 j Am ttsscllOitcc, 628 
Ateleopits, 114 
AtheiestlLe% 687, 685 
Atherim, 039 640 
Athenntlla, 639 
Atheivmchtkys, 641 
Atheunidae, 630, 637 
Athennops, 639 
Atherinopsis, 639 
Atopochihis, 588 
Atrial cavity, 43, 44, 59, 63, 67 
Atriopoie 113, 116, 117 
Atrium, of Amphioxus, 113, 118, 121, 
135 

Atypichthys, 666 
Atypo&oma, 666 
Aucheyiaspi^ 529 

Auckempteius, 589, A. nodosus, elastic- 
spring appaiatus, 368 
Axidhenoijlayiis, 588 

Auditory organs, 387 f., 388 , connexion 
with the air-bladdei, 389, 390 
Audouin, 37 
Aidacocephcclus, 659 
Aulibcops, 682 
Aulisciis, 631 
Aulolepis, 560 
Aulopm, 611 
Aulopyge, 562 
AuloihmnpMis, 668 
Aiiloih^nchidae, 631, 628 
AulQThynchv% 631 632 
Aulostoim, 633 , Am colojatwii, 632 
Aulostomatidae, 632, 628 
Atdostmmtomorpha, 570 
Autostylio, 223 
Auim, 678 
Azwniia, 672 

Badis, 658 
Bugaxiv^, 588 


Jiagi uhtlufs^ 588 
Bagimae, 588 
J>ag/oide6, 588 
Biigfopsib, 588 
Jjagxus, 588 

Balanoglossus, 3, 5 f , 24, 25, 2S, 30 1 , 
123 , embi>o, 8 , history ot name, 17 
JBalanoglnssus, 17, 6, 6, 13, lb , J) 
amantiaci(,% 7, 11, 16 , B himinmibi% 
18 , 21 n.; B daiigeyus, 6 , 17 , 
gujas, 5 

Balibtes, 724-, 264, 354 , coloiation, 174 
scales, 190 , sound production, 357 , B 
aouleatub, 367 , B capyibous, 724, Bm 
iQtida, 3bl 

Balistidae, 73,?, 652, 721, 163 
Ballowitz, 591 n 
Bancroft, 85 
Band Fish, 662 
Baibels, 154 

Baibas^ 582, 584 , B mas(d, 584 , B 
ti opidoIe2)is, 583 , lowei pliaijngeals, 
683 , B x nipai m, 584 
Baidiiis, 582 
Banacudas, 642 
Baiiamunda, 558 
Bairois, 39 
Basking Shark, 463 
Bat-Fish, 720 

Bateson, 6, 6, 11, 14, 20, 80 n 
Baihyagonub, 700 
Bathythtpea, 057, 656 
Bathydtato, 706 
Bathygadub, 647 
Bathylaco, 571 
Bathylugus, 566, 565, 569 
Bathylythmcs, 571 
Bathymastcy , 661 
Bathyyyiy^oii, 426 
Bathyoyicub, 74 
BatJujomis, 712 

Bathypteyois, Gil, 613 J5. dubius, 162, 

612 , B. hmgipes, 613 
Bathybuiaus, 611 
Bathythrissa, 548 
Bathytrootes, 570 
Batoidei, 457 U 148 

Batracliidae, 710, 651, 704, 361 , jdioto- 
phores, 179 

Batrachus, 711 , B. tm, 711, 361 
Baudelot, 584 n. 

Bddlostmy\a, 4^8 ; external characters, 
161 , skull, 220 , 221 , pancreas, 273 , 
gill-sacs, 282, 423 ; vascular system, 
816 n , distribution, 423 ; habits, 423 , 
eggs, 424 , B stouti, 423 ; embryo, 426 
Bdellostomatidae, 4^8 
Bdodontichthys, 588 
Belone, 638, 411 ; Bm annulata, 638 
BeloTiesox, 616 
Behnoglanis, 588, 589 
Belonorhjnchidae, 485, 488 
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Belonostomus^ oOJ 
hetnhiob, 700 
JOemhiojJs^ 103 
Beiieden, Van, 37, 39 
Benham, 113 
hentenia, bS2 

Jjcnthdhsmii'i, 679 
Jj( nthophilu% OSD 
Bmth(saiin{^ 611 

Ber\cidae, 6JJ, 651, 652, 653, 703, 303, 
361, 389 

Bety ^ 6J6 , B aj^nis and B midleu^ 
coloration, 165 B splendeas^ 666 
Bettcii 669 , B pugna t,, 669 
Bib, 649 
Bihinatti 6 So 

Bulenia, 5^7, 149 , B elejans, 532 

Birkeniidae, 331 

Bitteiliug, 584, 416 

Black Basb, 657 

Black Fish, 610, 643 

Blastocoele, 44, 49, 52, 130 

Blastogenetic acceleration, 84 

Blastopore, 20, 130 

Blastospbeie, 20, 130 

Blastozooid, 84, 93 

Blastnla, 56 

Bleak, 583, 167 

Bhekeiiiii 705 

Blenniidae, 709, 651, 702, 703, 704, 163, 
271, 302, 418 
Blennuis, 709, 710 
Ble2>sui6, 698 

Blind Fisbes, 394, 713 , ot Mammotb. Cave, 
619 

BloOnm^ 680 

Blood, of Hemichordata, 15 , of Tunicata, 
19 , of Amphioxus, 124 , ot Fi&heb, 341 
Blood glands, 342 
Blue bhark, 448 
Boar-Fi&b, 666 
Boas, 548 n. 

Bola, 582 

Boleophtliahmfs, 689 
Boleosoma, 659 

BoUema, 75 , B pachydermatina, B 
tiiberculata, dorsal tubercle, 79 
Bolteninae, 75 
Bombay duck, 613 
Bonnet Shark, 450 
Bonnier and Perez, 95 
Borgert, 99 

Both/riolepis, 5SJf, , B canadensis 534 
Botm, 582 

Botryllidae, 88 , 81, 82, 84, 110 , vessels, 
42 , neuial gland, 52 n , reproductive 
organs, 56 , ascidiozooid, 82 
Botrylloides, 88 

BotryUus, 88, 86, 90 , stigmata, 59 , dia- 
gram of budding, 90 , B schlosseri, 80 , 
B violacetcs, 89 
Bottard, 669, 696 n 


Boulengcr, 459 n , 477 n , 481 n , 551 n , 
584 n , 586 n , 593 n , 083 n 
Boitlengu elia, 573 
Bouine, 19 
Bo\eri, 113, 126 
Boii(hthy&, 70b 
Bow Fin, 499 = -dw?fl, q \ 

Bol, 664, 66^9 276, B mOgans, 

lectal caecum, 254 
Bt athiomdithys, 730 
Biacliiopoda, 35 
B) adiydialtimis, 575 
B) cwhymystax, 565 

Biama, 683 , B longipinms, 682 n , B 
'taxi, 682 n 
Bramidae, 682, 676 

Biancliial bais, of Amphio\us, 120, 122 
Branchial cavitv, ot 1 unicata, 43, 101 
Brinchial clefts, 155, 277 f 
Branchial sac, 43, 44, 45, 53 , of Appendi 
ciil iriaus, 67 , ot Thaliacea, 96, 104, 
105 

Branchial septa, of Hemicboidata, 12 , of 
Amphioxus, 120 

Bumchi tstoma, 187, 112, 138, distribu 
tiou, 138 , B helcheTi, 137, 138 , B 
udifoi nioxLse, 137, B tupetise, 137, 
B catibhaexm, 137, B dongatum, 
137, 138 , B indiLum, 137 , B lanceo 
latum, 112, 114 n, 115, 137, 138, 
tiansverse section, 118, 121 , nephri 
diuni, 126 , nervous sjstein 128 129 , 
gonads, 129 , B nakagaxcae 137, 138 , 
B pelagiLum, 129 n , 137, 1 38 — see also 
Amphioxus 

Branchiostoniatidae, 137, 112 
Brauer, 571 
Breathing sounds, 357 
Breathing vah es, 288 
Bi egmaceros, 648 
Bt eitensteima, 588 
Brevoortxa, 56$ 

Bridge, 555, 658 n 

Bridge and Hadclon, 574 n , 687 n , 590 n 
Bull, 687 

Brooks, 89, 101 n , 106 
Brosmxus, 648 
Brosmophycis, 712 
Brotula, 712, 713 
Brychaetus, 557 

Brycon, 575 , B falcatus, mouth, 677 * 

Bryconaethxops, 575 

Biyconodon, 575 

Bryconops, 575 

BucJdandium, 589 

Budding, in Pterobranchia, 24, 27 , in 
Tunicata, 71, 80, 81 f , 90, 97, 103 
Budgett, 482, 483 n , 614, 662, 558 
Bull-heads, 698 
Bullhead Sharks, 444 
Bvmocephalidkthys, 596 
BunocepMlus, 596 
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Burbot, 649 
Bursa Eutiaiia, 254 
Bury, 31 n. 

Butimius, S4S 
Butter-Fish, 712, 415 
Bythitis, 713 

Cachius^ 5S3 
Cadophore, 97 
Caecum cloacae, 276 
CaenotropiSi 676 
CaesWf 604, 264 
Caeswjperoa, 669 

CcUamichthySf 4^4i 158, 202 ; distribu- 
tion, 484 , C. ccUabanciiSf 484 
Calcmwstoma, 634 
Callanthiasj 669 
CaUichy oits, 688 
Callichth 3 anae, 688 

OallvchthySf 588, 587, 153, 302 ; intestinal 
respiration, 292 ; C. littomlis, 692 , O 
joaZeaUis, 414, 592 
Callwdtyii, 674 
Calhonymidae, 706, 704 
Oallionymus, 707 , 0 amharcs, 707 \ C, 
lyra, 707, 420 n. 

Callomystax gagata, stndulating mechan 
ism, 356 

Callophysus, 588 
QalUjyristodm, 44^ 

CaUopterus, 204 

CaZlorhyTichus, 4'^1 J vertebral column, 
199 , frontal clasper, 223 , branchial 
blood-vessels, 334 ; distribution, 471, 
egg-case, 471 ; 0 antarctims, 470 
Calotovius, 674 
Campanula Halleri, 393, 394 
Oampostoma, 583 
Candiru, 593 
Oanobmcs, 4^7 
Oantharus, 664 
Capelin, 568 
Oapoeta, 583 
Cajgrodon, 659 
Caproidae, 666, 653 
(Japros, 666 ; C, aper, 666, 357 
Carangidae, 677, 652, 676, 158, 303 
Carangodea, 677 
Carangopais, 677 

Garanx, 677, 161, 284 ; with. Medusae, 
643 ; C. hippos, 363 , C rhonchus, 363 , 
G trachwus, 677, 307 
Garapua, 579 
Carbonnier, 592 

Gaichanas {Carchcinnus), 44 ^ ; succession 
of teeth, 260 , C. glaucus, 448 ; C. 
nicaraguensia, 448 
Carchanidae, 44S, 449 
Gcjt>rchar%%%s — see Carchariaa 
Garcharodon ronddetii, 451, 452 
CareproctvLs, 698 
Cariba, 578 


Caip, 583, 584 , Leather-, 584 
Carp lodes, 58 1 
Caiyo-enteiic, 102, 108 
Castle, 56 n 
Cat-Fishes, 710, 587 
Cataetyx, 714 
Cathetostoma, 706 
Catla, 682 , C huchanani, 584 
CatloecLipio, 582 
Gatopya, 658 
Catopnon, 576 
Catopteridae, 458, 486 
Catosteomi, 626 t , 306 
Catostominae, 581 
Catostomas, 581 

Catutus, 459 , C fiiicatus, 499 , veitebiae, 

203 

Caudal fin, 156, 159, 237 

Caullery, 85 

Caulolatihia, 661 

Caidolepis, 656 

Ca'iiloj^iyyne, 719 

Cave-Fishes, 394 f , 618 f., 713 

Centrarchidae, 667, 653 

Centrarchua, 657 

Ceaitrina, 456 , C salviani, 455 

Centriscidae, 6S3, 628, 357 

Centriams, 633, 154 ; 0. scolopax, 633 ; 

scales, 189, 190 , stridulation, 357 
Centrogeyiya, 650 
Centrdepia, 457 

Centrolophus, 643 ; C. hritanmcua, 643 ; 

C. niger, 643 
Centromocldua, 588, 361 
Gentronotiia, 711 
C&titrophorua, 455 
Gentropogon, 695 
Centropominae, 660 
Centi opOTiius, 660 
Centropy%3tes, 659 
Cents oacyllium, 455 
Gephalacanthsia, 702 
Cephalaspidae, 628 

Gephalaapia, 529, 149 ; G. lyelli, 629 , 
C TThagnifica, 529 , C. msis chmsii, 628 
Cephalochordata, 112 f , 4, 38 
Gephalodiacua, 21 i , 5, 28, 29, 31, 32 , 
distiibution, 23 , budding, 24 , structure, 
24 f , males, 26 ; C dodeccdophita, 22, 
23 24, 25 

Cepola, 662 ; C. nibeacena, 662 
Cepolidae, 661, 653 

Cemtiaa, 719 , phosphorescent organ, 174, 
17S ; C biapinosus, 174 
Ceratichthys, 682 
Ceratiidae, 719, 718 
Ceratodontidae, 607 
C&ratodua, 508, 519 

Gearatoptera, 465 , 0, vampyrsis, 466 » 

Ceratotnchia, 234 
GerdaZe, 709 

Ce8tracion= Eet&rodo7iZ%is, q v 
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Ceteng-i auhs^ 5Gd 
Cetonnmidae bl4j 606 
Cetohiimus^ bl4 

Ceto2)siSi JS6i 687 
Cetoihmidae, 4^S 
CetoihinuSj bee SelaJie 
(JJicua^ 58S , G Uphioides, 689 
ChaenuhthySi 700 
Chaenob/ yttus, 057 
Cha&nojjsu^ 709 
Chaeiojps, 673 
Chaetoh antJms, 673 
Ohccetodon^ 608 

Cliaetodontidae, 6C7, 664, 361 , coloration, 
166 

ChaetostoTiius, 595, C cinhusus, sexual 
differences, 694 , C gigas^ 696 
Ghaheus^ 575 , Q angulatiis, mouth, 677 
Ghalcimis^ 575 
Cliamisso, 36 
ChaDipsocephalus, 706 
CJiampsodon, 04I , G vora^ 642 
Cbamnae, 563 
Channa, 645 
CliannaldbeSi 588^ 589 
Ghannomw a&m^ 005 ^ G mtiata-^ 605 
GhanoideSi 503 

Chanosy 50 663 , G salmoneus, gill- 

helix, 294 
Chmacidium^ 576 

Characmidae, 57 5y 57 i, 294 , distribution, 
676 , teeth, 260 , sound production, 
361 , Weberian ossicles, 389, 673 
Chamuodon, 616 
ChctjaXj 665 
Ghmitosomusy 573 
Charr, 567 
Ghaoybdia, 685 
Ghascanopsettay 687 
GhasTiiodeSt 709 
ChatoesmSy 563 y 663 
Chauliodontinae, 571 
GJiauhoduSy 57 ly 570, 572 
Clmunaoiy 730 

Ch&irocanthtLSy 4^ 

CheiioduSy 45 s G granulosusy 488 

ClmrolepiSy 435 y 487 

Ghelay 582 

Chelaethiops, 582 

Ghelidopercoy 659 

ChdmOy 668 

Ghelyosom ay 73 , G madeayanwriy 72 

Chnje, Delle, 17 

Chiasmdony 641y 642 

Chiasmodoutidae, 641y 637 

GhdvmiSy 073 

GhihOy 673 

Ghilohj anchusy 598 

Qhdodaotyl'aSy 664 

Cbilodiptermae, 660 

Ghilodipt&ruSy 660 

ChdoglaniSy 588 


(hiloihiauby 001 

Chiluscylliumy 446y 447 , pectoril girdle, 

239 , pectoial fan, 239, jelvic giidle, 

240 , peh 1C fin, 240 , brain, 374 
Chimaeiay 403, oS2 , ^erteblal column, 

199 , skull, 223 , frontal chsper, 223, 
469 , gills, 282, 283 , lateral sensory 
organs, 386 , mditorj organ, 387, 388 , 
distribution, 469 , egg cdbe, 470 , seg 
mentation of egg, 474 , fossil, 474 , C 
cf^niSy 469 , C colliei, 469, 473 , G 
monU^osa, 469 , \ertebial column, 199 , 
skull, 223 , pectornl fan, 243 , spiral 
\ahe, 2b7 

Chimaeiidae, 40Sy 474 
GMmae'i ops%Sy 40S 
Ghima'iihichiJiys, 705 
Chirocentridae, 561, 544 
Ginrocenti itesy 501 
Chw ocentrodun, 563 

Gliiiocentiusy 502 , \estigial spiral valve, 
269 , G doraby bkull and pectoral aicb, 

662 

CJitrodon, 575 

ChtrolophmSy 718 , C naresii, 718 
GImonemus, 6O4 
Chirostoma, 039 
Cbirothncidae, 615, 606 
G/mothiUy 615 , G hbamcus, 616 
Cblamj doselacbidae, 443 
Clilamydoselachv^y 443 , 279 , rectal gland, 
276 , biancbial cletts, 277 , efferent 
branchial \eshels, 332 n 0 angume^cs, 
443, 444 , C iawleyi, 443 
Ghlawydothurax, 17 ii 
Ghlorophthahmis, Oil , C gmcilis, 613 
Ghlorosooinbrusy 077 

Ghologaster, 618, C agassizii, 618, C 
cornutxiSy 618 , Q popilliferus, 618 
Glwndrostachys, 85 
Chondiostei, 435 t , 149 
Cbondrobteidae, 489, 486 
ChondiosUuSy 489 , G acipensmoides, 489, 
490 

OhondroBtoTna, 582 

GhoneThinuSy 720 

Chorda centia, 196 

Cboidata, characters of 5 f , 35, 38 

OJ}ondactyluSy 605, 692 

Ghwimyct&ruSy 670 

Ghorvnemvm, 677 

Ghorisochismusy 709 

GhonzomonuSy 89 , G retioulatvs, 90 

Choroid gland, 398, 394 

Chromatophores, 166 

Chromides, 671 

Ghrysichthys, 588 

Glvr^sopTt/ry$ auroduh, 420 

OtMoy 672, 671 

Cichlidae, 670, 654 , distnhntion, 672 , 
eggs carried m the mouth, 416 
GiMops, 661 



736 


INDEX 


Ciliation, of tlie alimentai} canil, 262 
OnnoJuhthyh^ OUO 

6'/ 72, development, ^6 n , C inte-^tin- 
ah% 73, 77 
C\n)idahin% h73 
Onihites, bOO 
Cinhttu1itk}j% GbO 
Ciirliitmae, bbO , coloration, 166 
Oiiri, ot Ainphio\us, 128 
Vdkdi uhtliys d\nouio% b'- 7 
Cithanihum^ o7b 
Citlianmnae, 57 G 

(hfhcuinus^ o7b^ 578 ; C (/(‘oftoyi, 579 
(Ufhariis, b^7 
Cladistia, 2^2 f , 477 
Oltfdot yt liis, obi 
Cladiidi(% , Q iieihinii, 4‘^S 
Cladnsclwhe, 4JS, 148, 154, 160, 162, 
197 , pectoral and pelvic girdles, 239 , 
pectoral and pelv ic fins, 242 , 245 , 
characters, 436 i , O Jylcii, 437 
riadoselachidae, ^18 
Glat iidlaheb^ 

Clff/itis, 58^, 153, 302 acee^sorj respira- 
tory organs, 293, 294 , C. anyvdlati^, 
690 ; C Itrcra, 590 
Claiimae, 568 
Claike, 608 
Clarotu^ J8S 

Clisper'!, 162, 246, 414, 432, 469 , 470 , 
471 

Qlaiehna, 71^ 83, neivous sjstem, 53, 
stigmata, 59 , hibernation, 88 ; G 
lejicuhtoy uiibf 71, 72 
Clav elimdae, 72, bl, S3, 109, 110 
GUimtiiti, 2-^2 
Climbing Peich, 645, 292 
Cling-Fishes, 70S 
Ghuiis, 709 

Cloaca, ot Tuuicat i, 44, 46 , 81, 82, 92 ; of 
Pishes, 156, 250 

Cloacal aperture, of Tumcata, 80 
Cloaeal cavity, ot Ifemini^ana, 101 
Club shaped gland, 134 
Glupea, ob3, 564 ; 0 alosa, 564 ; G Jinta, 
564, G iLaienrjuSi 5b4, 307 , = Herring 
[qv ] j G. pddiaidm, 564 , 0 sprattvs^ 
664 

Glupeulithyb, 503 

Clupeiclae, 544 ; gill-helix, 294 , con- 
ne'tion of an - bladder with auditory 
oigan, 303, 389 , eggs, 412 
Clupeinae, 563 
Cnidoglanis, 588 
Coal- Pish, 619 
Cobitidinae, 582^ 585 
Gubdis, 582, 271 , C. tamm, 358 
Oohitopsia, 639 , (7. acutn, 639 
Ooccodvs, J49B 
Coccolepis, 487 

Coocosteus, 535, 149, 636 ; C, decxpwis 
636, 536 


UiKldiodoa, j05 

Cochliodontidtie, ^ ^2 ; teeth, 251 
CotJdwdxfS, 443 
Got hloynath 11 % 58 3 

Cod, 648, 648 , Gad us monJiua, q v 

Coelacaiithidae, 4^0, 481 
Goelcuanthvs, 481, 160 
Coelocormidae, 6b 

Codocoiinu^ hudeyi, 86, ieproducti\e 
organs, 56 

Coelolepidae, 530 
Coelom (bod> cavit>), in Hemichoulata, 8, 
21, 24 f , 111 Tumcata, 44, in Amphi- 
o\us, 123, 132 t ; lu Fishes, 397 
Codouotm, b34i 635 
Coelophuj^^, 730 
Coffei -Fishes, 152, 361 
Codia, 5b3, 563 
Cole, 25 n 

Cole and Johnstone, 687 11 
GoUllu, 3 7, 83 , C peduncidata, 85 , C. 
quoyi, 80 

Collar pore, 9, 25, 27 
Collett, 714 11 
Oolotongei, bOl 
Golo(opus, bbS 

Colom, ot Fishes, 164 f , bnlliancy and 
variety, 164, cause of, 166, changes, 
169 , protective value, 171 , aggiessive 
and alluring, 173 , warning, 174 
Oolimhia, 621 , G t't anmontana, 621 
Comephoridae, 606, 692, 694, 418 
Comephorus, 697, 592 n 
Compound Ascidiins, 35, 36 f., 70, 71, 
80 t , 110 , eggs, 56 
Condiopoma, 507 

Conge?, 001 , C vidgaris, skull and pectoral 
arch, 600 

Congrogadidae, 713, 704 

Congrogadus, 713 

Oofigimnurmna 601 

Conocara, 570 

Coamhyndms, 688 

Conte and Yaney, 27 n 

Cope, 477 n , 542, 548, 573, 619, 626 

Oopuloglanis, 568 

Copodus, 446 

Coprolites, 268 

Coregonus, 565, 568, 311 , G, clupeoides, 
568 , C lavaretm, 568 , 0, oxyrhynchus, 
668 ; Q pollan, 568 , C, vandesius, 568 
Corella, 73 , stigmata, 48 , G. ‘}apon%ca, 
branchial sac, 73 , O. paralldogfanvnm, 
73 

Corellinae, 73 
Co?eope?ca, 659 
Condodax, 674 
Cons, 673 

Corctna, 663 ; G. Idbata, air-bladder, 304 
Corydoras, 588 , G paleatm, 592 
CorynasLidia, 73 , 0. stihim, 72 ; biauchul 
sac, 73 
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CorynopomUi 575 
Cory])UaQna^ GSl 
Coryphaemdae, 081^ 676 
GorypluienouUSf GA7 
Cossy2:>hi(.% 673 
Costa, 112 
Coste, 630 n. 

Cottidae, 697, 692, 694 
Gottocoinephorus, 697, 692 u. 

Oottunculus, 698 

Cuttus, 698 ; 0. budabs, 698 ; O. gdbio, 
698 ; O. scorjyius, 698, 357 
CotyUs, 709 

Cranial nerves, 378, 380 
Craniata, 4, 38 ; cliaracters of, 141 ; classi- 
fication, 145 
Crcmoglanis, 588 
Creagmtvs, 675 
Crenidchla, 672 
Grenidens, 665 
CrenucJms, 575 
Grepidogaster, 709 
Crista acustica, 60 
Gromeria, 573 
Cronieriidae, 673, 545 
Gromileptes, 659 
Ci’osRognathidae, 565 
Crossognathus, 565 
Gi'ossopholis, 492 

Crossopterygii, 476 f., 149 ; distribution, 
483 

Grossorhinus, 44^ 

Gryodraco, 706 
Gryphiolepis, 437 
Cryptopteriis, 588 
Gi'yptotomus, 674 
GrystallaHa, 659 
GrystcUlogoMns, 689 
GUnochaetus, 668 
GUnodmtex, 665 
Ctenodontidae, 505 
Gtenod'us, 506 
Gtenolabrus, 673 
Gtmolaies, 659 

Gtenothrissa, 560 ; G. vexillifer, 669 
Ctenotbrissidae, 559, 544 
Gubiceps, 643 
Cucbia, 598, 294 
Cu^not, 684 n. 

Gideobis, 75 ; spicules, 87 ; G. murrayi, 
42 ; G. mosdeyi, dorsal tubercle, 79 ; 
(7. 'loyoUle-thoTiisoni, 76 
Gulter, 582 

Cunningham, 565 n., 602 n., 687 n. 
Gurimatus, 576 

Cutaneous sense-organs, of Fishes, 883 f., 
385, 386 
Cuvier, 86 
Gyathaspis, 527 
Cyathozooid, 91, 93, 94 
Oybvum, 678 
Oydobatis, 462 
VOL. VII 


Cyclomyaria, 95, 101 
Gydoptericlithys, 608 
Cyclopteridae, 698, 692, 694, 302 
Gydoptenis, 698, 321, 408, 415 ; sucher, 
162 ; G. himpus, 699 ; rectal valve, 254 
Gydosalpa, 108 , G. pinnata, 102, 108 
Cyclospondylie, 198 

Cyclostomata, 421 f., 145 f. ; characters, 
146 ; external features, 150 ; skeleton, 
197 f . ; teeth, alimentary canal and 
digestive glands, 247 f. ; respiratory 
organs, 279 f. ; vascular system, 316 f . ; 
blood - glands, 343; neivous system, 

367 f. ; organs of special sense, 383 f. ; 
kidneys and reproductive organs, 399 f. 

Gydotho7ie, 571 
Gyinatogaster, 670 

Gynoglosms, 687 ; 01 lingua, 686 ; 0. 

semilaevis, 393 
Gynolehias, 616 

Gynthia, 75 ; branchial sac, 74 ; C. 
cefrebrifom\i$, dorsal tubercle, 79 ; O. 
fonnosa, 76 ; dorsal tubercle, 79 ; G. 
papietmsis, dorsal tubercle, 79 
Cynthiidae, 74, 64, 110 ; branchial sac, 
48 ; neural gland, 62 n. ; reproductive 
organs, 55 ; eggs, 56 ; dorsal tubercle, 
79 

Cynthiinae, 75 ; tentacles, 76 
Cyphosidae, 657, 663 
Gyphosus, 657 

Cyprinidae, 581, 575, 271 ; ventral 

suckers, 162 ; absence of jaw-teeth, 251 ; 
air-bladder, 302 ; breathing sounds, 

368 ; connexion of auditory organ with 
air-bladder, 389 

Cyprininae, 582, 583 
Gyprinion, 682 
Gyprinodon, 616 

Cyprinodontidae, 616, 606, 163, 275, 414, 
418 ; distribution, 617 
Gyprinus, 582, 156 ; pharyngeal teeth, 
252 ; G. awratus, eyes, 155 ; coloration, 
l7l ; O. carasdus, 585 ; O. carpio, 583, 
307, 358 
Cystoanan, 403 
Gystodytes, 85 ; spicules, 87 
Gyttoides, 683 
Gyttopsis, 683 
Gyttus, 683 

Dab, 687 ; Long Bough, 687 ; Smear, 687 
JJactylopogm, 611 
Dactylopteridae, 701, 694, 861 
X>adylo'pt&rus, 701, 698 ; 7). mlitam, 161, 
356, 357, 361, 399, 701 ; pectoral arch, 
693 

HaLlia, 610 ; D. p&ctorodis, 610, 611 
DaUiidae, 610, 606 
Dardo, 582 

Dapedius, 498, 541 n.; D.politvs, 498 
Dapedofflossus, 667 ; 2). testis, 666 

3 B 
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Daieste, 721 
Darters, 659 
Ua&t^llus, 67 J 
Dasyatih sahinrt, 4^4 
Dasyscojpelii^i 611 

Dtitnioides, 658 
Daw\(loif, 16 11 . 

Day, 569 n , 593 n. 

Deal-Fish, 715 
Delliez, 551 

DdloilifSy 4'i^ 
l>elto^tychiuSj 44J 
Demersal, 408 
Dciuhodoa^ 7 6 
Dentex, 664 

Dentition, 247 f ; dentinal tissues, 249 ; 
fi\ation of teeth, 249 , succession and 
leplacement, 250 , shape, 251 , sexual 
ditlerences, 261 , pliarjngeal teeth, 251 , 
<Jj clostoinata, 247, Pet'ionuf'ion^ 248, 
Fishes, 248 t ; JScyllium, 249 , 6*rtr- 
tluQias^ 260 

Dercetidae, 623^ 622 
JJercetis, 623 
Lerepoihththys^ 712 
Dendithijs^ 601 

Dermal denticles 183 i , structure and 
development, 183, 184, 186 
Liagiamma, 664 
Dihanchvs, 720 
LiutobatiSy 4^^ 

Ihnotus, G79 
Didenimdae, 56, 82, 110 
Dulemmm^ 87 
Didyviaspis^ 530 
Linichthi/Sj 5S7^ 14.9 
Pinolestes, 659 
Dinqpetca, 650 

lJiodo7i, 7SG, 163, 354, 361 . scales, 191 ; 
teeth, 251 ; 1>. geovictt icus^ T26 , D 
Jiysttix, 864 
Diodontidae, 7^6, 722 
Diphj cereal, 369 
Diplacauthidae, 447 
Diplacanthopoma^ 712^ 713 
Piplacanthus^ 441 
Jjiplesium, 659 
JHplocrfptSt 709 
JDiplomysteSf 588, 587 
Liplomystus, 563 
Diplophos, 571 
Piplophysa, 683 
Diploptertis, 477 
Biplosoma, 87 ; section, 87 
Diplosomatidae, 87, 110 
JOiplo^iotnoides laum, larva, 78 
Diplospondylic, 198 

Diphtnits, 181, 161 

Dipneusti — see Dipnoi 
Dipnoi (Dipneusti), 505 f., 149 ; distribu- 
tion, 612 
JJipterodon, 665 


JJij)te/us, jOG, 519; 1) lalcuLiennesi, 

506 

Dipfychus, 5S2 
Disaitek, 6ej6 ii 
Discoceidiali, 691 f , 651, 652 
iJiu ocfttath it'i, 583 
BLSLopyyt, ^f64 

iJistapiia, 65 , T) luagtnlaiia, \TL\tL, IZ 

Distichodoutiiiae, J76 

JJistuIiodifb, 5/0, J) -iulntiiub^ mouth, 

677 

Ihsto/aa, 85 

Distomatidae, 85, 81, 82, 83, 86, 110, 
lepioductue oigans, 6b , ascidio/ooid, 
82 , transverse section, 86 
JJitiema, 670 , Jj tumminckii, 670 
Dog- Fishes, 446 

Dohhima, 96, 100 , D miudnhs, 100 
DohchoffJns'iKs, 17, 5, 13 , 1J l<nmlevdx,u, 
6 , 7, 9, 20 , D otagoenbii>, 11 
DohchoihyncliKs, 137 , 1) indiLXis, 137 
Doliohdae, 96, 39, 310 
Dolwlum, 96, 87 ; structure, 96 , life- 
history, 97, 98 , occLureiice, 99 , bud 
ding, 97, polymorphism, 98; D. 
nationcdi% 99 ; JO tntoim, 96, 99 
Dollo, 618 
Dolopichthys, 719 
Dolphine, 681 
Doradinae, 588 
Doiado, 578 

Doras, 683, 590, 692, 363 ; intestinal 
respnation, 292 , stndiilation, 367 , 
elastic-spiing-appaiatns, 359 , D maon- 
latiia, air-bladder, 303 , nature of 
sounds, 362 

Dorsal lamina, 46, 47, 52, 101, 105 

Dorsal pore, 18, 19, 31 

Dorsal tubercle, 52, 79 

Doryiclithys, 634, 635 

Doxemea, 588 

Doydxorodon, 664 

Draroxiettci, 706 

Dragonet, 707 

Drasebe, 38 

Diepanaspidae, 635, 530 
JDrepaTLctspi^ gexnundmens%s, 526, 530, 
626, 526 
Dr^ane, 668 
Drepanidae, 668, 654 
Drum, 663, 304, 362 
Ductoi, 677 
Dufosse, 365 
iMissxmietia, 563, 563 
Dybowski, 697 u. 

Dysidhtkys, 5% 

Dy^omma, 603 
Dys(yrrmod(ypsif,, 60S 

Eagle Rays, 4^5 

Eeheneididae, 691 

Echsneis, 691 , cephalic sucker, 161 
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Ldudnn^ OOo 

JJ h i dm ( eplml k s, 0 iJf. 

McJuno/Inmib, E. 456 

E(lni)^tama, 571 

L(tLinas( idia^ 71 

Editplmdon^ 47 

Idiiigei, 271 

Eels 599 t , 601 f , 163, 405 
Jjul I^aics 602 
Lf/ntonia^ 67^ 

I f^s, ot Heiniclioid'it'i, 20, 26 , of Turn 
cita, 55, 73, &4, 97, 10b, of Amplii 
o\us, 130 , of Fiblies, 408 i , 423, 424, 
428, 432, 433, 431, 45b, 470, 471, 494, 
504, 110 , alecitli il aud ttlolecilh al, 410 , 
liolohla&tic and ineiohlastic segment i 
tion, 409, 410, mlClOl)^les, 411, 412, 
deposition, 411 , altaelimeut, 411, 424, 
433, 434 , demersal and pelagic, 411, 
412 , spawning, 112 , iclatue fecundit'\, 
412 , feitilisation, 413 , sexual lela 
tions, 413, sexual congress, 411, 427, 
428, 4 52 , time of liatclnng, 417, 433, 
494 500, 504 , influence of ttmpeiatuie, 
417, of As2)iuh>, 596, of Bdtnahus 
tan, 711 

Bhienbaiim, 685 n 
Eigenmann, 602 n , 619 n , 670 ii 
EtyenmanMn, J79 
El urate, 07 S 
Elaeoblast, 107 107 
Elasmobraucliu, 4^1 f 148 
Mlasmodas, 4^4 
Mlassonia, 057 

Electric, Cat Fish, 591 , Eel, 680, 366 f , 
■Ra\s, 462, Morinyridae, 550; organs, 
365 1 

Eleginojos, 70b 

Eleotris, 689 , E marmot ata, 689 
hilUpesmus, 4^5 
Elonichthys, 4^7 
Elopidae, 646, 644 
Elopop^hs, 547 

Elops, 547 , E, lacerta, 547 , E. sauries, 
647 

Ehers, 602 
Embiotoca, 070 

Enihiotocidae, 670, 654, 418, 419 
Embohehthys, 705 

Embryology (development), of Hemicbor- 
data, 18 , of Tnnicata, 55 , of Amphi- 
oxus, 130 , of Fishes, 417 
Embryonic nutrition , food y oik, 409, 417 , 
ovarian secretion, 419 ; oviducal or 
uterine secretion, 434, 436 , placentas, 
98, 101, 107, 434 
Emery, 622, 623, 686 n , 714 n 
Emmmon, 709 
Empetnclithys, 616 

Enoheliophis, 6$5 ; E, vcntiicvlams, 625 
Emhelycore, 605 
Enchodontidae, 608, 606 


Encli dns, 009 
End huds, 383 

Endost^le, 46, 53, 58, 67 , of Amplnoxus, 
122 

Engiaulinic, J0 5 

hagiaidis, o03 , E eticiasiUiolvs, 564 
Ln tieanectes, 709 
Entero epicaidiac budding 82 
Enteiopneusta, J f 30 n , distribution, 
5, 6; coloiation, 7, h ibitat, 6, 7 
(liMsions of body, 7 , buiiowiiig, 7 , 
body cavities, 8 , body -wall, 9 , neivous 
systeii, 9, alimentary canal, 11 , vas 
(.ular system, 15 , excietion, 15 , lepio 
ductive organs, 16 , regeneration, 16 , 
(lc\ elopment, 18 f 
LtUei sphenus, 4^0 
Eocottus, 096 
Eoffiynnns, 678 
Epapttet us, 589 
Epluppton, 726 
Ephippus, 008 , E fabet, 668 
Epibulus, 07S 
Epica‘**diac budding, 81 
Epicardium, 44, 60, 71, 83 
Exnqmus, 059 
Epinephthn, 659, 660 
Epinmdci, 679 
Epipharyngeal groove, 123 
Eques, b03 
Equula, OOB 
Et eMophilu% 589 
Etefmodus, 072 
Ettutiias, 6% 

Erythrminae, 575 

Eti/thuaus, 575, 578, air-bladdei, 305, 
306 , E taematus, E hrazihtnsis, air- 
bladdei as a lespiratoiy organ, 291 
Esoeidae, 609, 606, 275 , distiilmtion, 610 
Eso>, 009 , teeth, 260, 262 , E. lucius, 
609, 307 , skeleton, 609 , E nobilior, 
609 , E lepidotus, 610 
Essence orieutale, 685 
Esunculus, 54B 
Etelis, 660 
Etheostoma, 059 
Etioplus, 672 
Elrumeus, 56S 
Euan emus, 859 
Eucalia, 6S0 
EuolvdicWvys, 588, 587 
Euvirrhiclithys, 582 
Eugnalhuchthys, 570 
Eugnathidae, 4B8, 497 
Engnathm, 499 

Eugyra, 77, 78 , E gluiinans, 79 , E 
kerguelmensis, branchial sac, 77 
EvJceraspis pust^if^a, 629 
Eumeda, 688 
Eiwxymetopon, 679 
Euphanerops, 5S2 
Eupl&urogrammus, 679 
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Eu/iffoimus^ h s^eoiosiib^ vertebrae, 

203 

Rmynotm^ 487^ 4S8 , E o/enafitb, 487 
EwypJia} ynx, GO 4 
Eurypholis, 600 

Eustkenopter on, 4^5, 202, 246 , E^foofdi, 

479 

EuthaLanthia, 44^ 

Eutliynotu^, 204 
Eutropiichthyb, S87 
Entjopms, 588 
Bxocoetoide% 615 

ElolocUls, 638, 161, 173, 353, 411 
Ecoglosbmn, 583 
Ecustomrt, 588, 586, 587 
External characters, Cyclostomata, 150 f ; 

Fishes, 152 f 
Eycleshymer, 592 n 

Bye, 155, 393, 394, 395, degeneration 
in deep-sea and cave Fishes, 394 , tele- 
scopic, 395 
Eyelids, 395 

Facciola, 685 n 
Fatio, 569 n 
Felchen, 568 

Fierctsfer, 635, 622, 399 j F, acus, 156, 
626 

Fierasfendae, 635, 623 
File- Fishes, 724 
Pilippi, 690 n 

Fins, of Fishes, 156 ; median, 156 , paired, 

157 , pectoral, 157 , lobate, 157 , pelvic, 
158 ; caudal, 159 ; modified to form 
suckers, 161 , degeneration and atiophy, 
162 , endoskeletal elements, 234, 236, 
236, 237, 239, 240, 241, 242, 243, 244, 
246, 246 ; exoskeletal elements, 158, 
234, 236 

Fm-rays, of Amphioxus, 120 , of Fishes, 

158, 234, 236 

Pishes, 141 f ; systematic position and 
classification, 141 ; external features, 
152 ; coloration, 164 ; poison glands, 
176 ; phosphorescent organs, 178 ; skin 
and scales, 182 , skeleton, 193 ; denti- 
tion, alimentaiy canal, and digestive 
glands, 247 , re&piratory organs, 277 ; 
air-bladder, 297 ; vascular system, 
lymphatics, and blood - glands, 313 , 
muscular system, locomotion, sound- 
producing organs, and electric organs, 
3 49 , nervous system and organs of 
special sense, 367 , kidneys and re- 
productive organs, breeding, 397 ; 
systematic, 431 f. 

Fishing- Frog, 718 

Fhstulana, 6$3, 154 ; F, talaccarui, 632 
Pistulariidae, 6$2, 628 
Flat-Fishes, 685 

Flounder, 687 ; coloration, 167, 170 
Flute-months, 154 


Flying- Pish, 638, 161, 173, 353, 411 , 
fresh- water, 559 
Flj mg Gurnards, 701, 355, 361 
Fol, 38 

Ftnhesdla, 75, F tessellata, 76, dorsal 
tiiheicle, 79 
Forskdl, 36 
Fowlei, 23 
Fulled Sharks, 443 

Fnidlana, 69, 70, F fmtata, 70, F 
inegachile, 66 
Fritsch, 551, 591 n 
Frost-Fish, 679 
Fimduhfs, 616 

Gadidae, 6^7, 702, 158, 303, 307, 361, 
389, 412 ; photophores, 179 
Gadomiis, 64"^ 

(ladopsis, 709 
Gadow, 193 n. 

Gadus, 648, 168 , <?. aeglcjinus, 649, 308, 
361 , G, liiscus, 649 ; G meilangu'i, 
649 , coloration, 168 ; pyloiic caeca, 
275 ; G. morrhiia, 648, 648 , vertebiae, 
206 ; skull, 230 , pseudobianch, 284 , 
air-bladder, 303 ; red gland, 307, 308 , 
vascular system, 320, 323, 336, 337 , 
spleen, 343 , sounds, 361 ; G pollaLhiUi>, 
649 ; G wens, 649 ; sensory canals, 
386 , tail, 646 
Gaqata, 588 

Qcdaxfias, 607, 608 , G. attmmtus, 607, 
608 , G. hreinpinms, 607 
Galaxiidae, 607, 606, 163, 405 ; distribu- 
tion, 607 

Galeichthys, 588, 587, 593 
Galeocerdo, 446 , Q, arcticm, 448 , G, 
tigrvnm, 448 
Qcdeoides, 641 

Gale/us, 449, 298 ; G. canis, 449 
Gainbnsm, 616 , development of embryos 
in ovisacs, 418 
Gtmodus, Jfl4 
Ganoidei, 149 
Gar-Fish, 411 {Belone) 

Gar-Pike, 638 [Belone), 603 {Lepidosteub) 
— see also Lepidostem 
Garman, 616 n , 619, 698 n. 

Gastric glands, 270 
Gastrochisma, 678 

Gastromyzon, 583 ; G, bomeensis, 586 , 
sucker, 162 
Gastropdecns, 575 

Gastrosteidae, 639, 627 ; distribution, 

631 

Gastrost&iis, 6S0, 163, 169, 271, 288 , G. 
cbctdeatua, 357, 630 ; pectoral arch of, 
630 ; G pungdius, 630 , G, spinosuh, 
354 ; G texanus, 631 n. 

Gaatrostomus, 604 
Oastrotoceics, 634» 635 
Gastrula, 20, 56, 130, 131 
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Gciviahceps, 60S 
(Jcrza, 6b3 

Gegenbaur, 5 n., 37, 570 n 
(tempjlus, 679 
(rdiidem, 088 
Genital poies, 403 

Genital wings of Enteropneufata, 16, 10 

(reiiyfyniynis, 551^ 649 

<renyiite')<ns, 7 IB 

Geoliioy, 677 n 

Geophagvb^ 672 

Geotiia^ 4J6 

Gepliyidbeiyx^ 656 

Geplijiocercal, 161 

Ge2)ldpoglaniSi 588 

Gerbe, 673 n 

Oeilachm^ 700 

(tf&i'nes, 60S 

Geindae, 663^ 654 

Giarcl, 38, 39 

Gigantactmidae, 730^ 718 

GigantaUis 'ianJioeffem.^ 730 

(Albert, 648 

(rdhettia^ 659 

Gilclirist, 571 

Gill, of Salpa, 105 

Gill, T , 642, 570 11 , 699 n , 629 

Gill helix, 294 

Gill-slit&, 4 ; of Enteropneiista, 11, 12, 20, 
30 , of Pterobranchia, 26, 27 , of Turn 
cata, 47, 67, 106 , of Amphioxus, 120 , 
of Fishes, 155, 277 f. 

Gillaroo Trout, 260 

Gillb— see Respiratory organs 

Qxnglymo^oma, J^7 

Qiiardmus, 016 , sexual congress, 414 

Giiella, 664 

Olandueps, 17, 5, 6, 13, 14, 15, Q 
ahtjssicola, 6 , Q, hacksi, 6 ; <? taZahoti, 
5 

Glandicipitidae, 17 
Glandula pteijgopodia, 182 
Qlamd%um, 5S8 
Glamopshs, 583 
Glaucosoma, 06O 
Globe Fishes, 726, 162, 163 
Glomerulus, of Enteropneusta, 15 , of 
Fishes, 398 , 399 
Glomus, 398 

Glossdbdlaniis, 17, 6, 13 , G. mimitus, 
10, 11 , G rujicolhs, 17 n , G, sar- 
mensis, 5, 10 
Globsodm, 44s 
Glyphidodon, 672 

Glyptocephcdiis, 687 , G cynoglossus, 687 , 
G microcepJmhcs, 687 
Glyptolepis, JjBO 
Glyptopomu^ lfl7 
Ghjptosternum, 588 
GnathacQLnthiLS, 695 

Gnathunemics, 551, 549 , G cwmrostns, 
660 ; G. Tixnmnvm, 660 


Gnathostoniata, 145 ; characters of, 147 
Gobiesocidae, 707, 704 
Gohiesox, 709 
Gobiidae, 699 

Gobiifoimes, 688 f , 651, 652 
Goho, 582 
(rdbiodon, 089 
Gohiosoma, 6S9 

Gnhivs, 089, 690 , G imnvtus, care of 
eggs, 416 ; G idlimsim ti, 689 
Gold Fish, 685, 165, 171 
GompJiosus, 673 

Gonads (rei)roducti\e oigaiis), of Hemi 
choidata, 16, 25 , of Tiimcata, 65, 67, 76, 
93, 97, 105 , of Amphioxus 129 ; of 
Fishes, 402 f , 400 , 403 
Gonoducts, of Fishes, 404 f , Elasmo- 
bianchs 400 , 404 , Teleostei, 400 , 404, 
406 , Holocephali, 405 , Dipnoi, 405, 
406 , 407 , Grossopteiygii, 406 , Chon- 
drostei, 405 , Holostei, 406 
Gonorhynchidae, 573 645 
Gonmlvynthvs gieyi, 572, 672 
Qonostoma, 571 
Gonostomatinae, 571 
Gonozooid, 99, 100 
Goode, Brown, 680 n., 710, 725 
Goode and Bean, 614 n. 

Goodnch, 29, 113, 126 
Goodmia, 89 , G, placenta., 89 
Gouraini, 669 
Gi amm%colep\s, 683 
Giammtstes, 060 
Gramraistinae, 600 
Giassi, 21 n. 

Grassi and Calandruccio, 602 
Giaylmg, 568 
Gieene, 711 n 
Greenland Shark, 466 
Gressiu, 705 n 
Grey Mullets, 640 
Grobben, 39 

Groove of Hatschek, 128 
Guanin, 167 
Guaninkalk, 167 n 
Guitel, 690 n , 709 n , 710 
Gunnel, 712 

Gunther, 643, 567, 569 n , 621 n 632, 
674, 711 n, 719 
Gurnards, 701 — see also TT\gla 
Gwjniad, 568 
QyinnaUahes 588 
Qymnapistu% 695 
Gj mnarchinae, 551 

Oymnarcfim 551 , larval gills, 290, 418, 
419 , abdominal pores, 401 , size of 
eggs, 408 , G. niloticus, 662 ; embryo, 
419 « 

Gymnehs, 713 
Gymnoanan, 403 
Gymnocyp'ns, 583 

Gymnodontes, 735 f., 721, 272, 361 
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(jil/rnnKltau /tM, 

GymnoticUc 574, 163, 25b 302 

389 

Gt/iimotuii, o/O, 681, 649 n , ekctiic 
oigang, 366,366; (r thttntvs 680 
(iryuiin(hilu% 5S2 
GijKxht’i ffOS 
Gywhin^^ jS/ 

GfjK piyclini6, 470 
Gyivstcu'^ 480 

HT-ddock, 019, 308, 361 
Haddon, 289 
JSaeniitlon (jb4 
Hag F oliLs 421 
Hake, 049, 308 
Haldeinan, 19 n 
Ual 6, (,00 
Half Beak, 164, 414 
Halibut 6S7 
Ilahonutheb 7^0 
IlahtiUfteOf 720 
IlaliXophus mnahih^,, 31 
Hcdimoduudgifs^ 733 
Ilalopo) pJnj) ?«s, 6 
Halo^ain uhth ys ^ 2 ^ 

Halosauiidae, 03 i pliotophoreb, 178 
llalosau‘i02'>‘ii<i, 62^ , 21 omctiochi/, 621 u., 
624 

IIahsauiu\ 034 
Hammer head bhaiks, 449 
Hancock, 53, 591 n , 592 
Haplistia, 477 u 
llaploLlnlusy 026 
IIa2)Iochiton, b06 
Haplocbitonidae 008, 606 
Haplodactylidxe, 66^, 650, 654 
HaplodcKtyhib, 004 
Haplomi, 006 t , 051, 306 
IlaplomHib, 003 
Harniout, 590 
JSarpagifti, 700 

Hwrpodoii, oil , II neJmeus, 613 , H 
sqiiainosiis, 613 

Eainmama, 17,6 , H hupjfm, 20 n 
Hanimanudae, 17 

Eariwttn, 47 U 154, 223, distribution, 
473 , E. raleighaiia, 472 , young, 473 
Hartmcyer, 38 
Ha^selt, van, 36 
Hatching, of eggs, 417 
Hatschek, 113 , grove of, 128 
Hans, of Appendicnlanans, 66 
Head, shape and relative si/e, 153 
Heart, of Tnmcata, 49, 67, of Fishes, 
327, 328 

Heart-vesicle, of Hemichordata, 15 
Heincke, 565 n 
Edgia, 38$ 

Eel%astet>j 67$ 

EdicopTiagus, 388 
Hellei, 88 


Ilth /«s, 

Eel jenc% 5S ^ 

El 1( 'ift mu, 000 
flenuHLod 6, 701 
Heniibranch, 27s 
Ilcmibianehii, 037 029 
Hemiclioidata, ^ f 38 , affinities, 
30 f 

Eemith o ns, 071 

EimuuH etiis 0 8 
Heiiiimjaiix, 101 i, 95, 90 
Hciiiiodontmae, '>70 
Ecmiodv% 670 
Ee)mpimelodu% 688 

Eemiihamplius, 0 3S , beak, 154, intio- 
mitteiit organ, 411 
Eemi'thymhus, ( 90 
Eennsihuus, ;cSS 
Eemithqi sift s, f 79 
IlLmihipteuis, 698 
Henapiich and Eliienborg, 558 n 
IlemoLhus, 009 
Emoplosus 006 
Hensel, 593 n 
Ilephihoiaui, 711 713 
Eepianchvs, bianchid clefts, 277 , 
II nnetevs, 413 , skull, 222 
Ileptaptnus, 396 
Herdman, 38, 108 n , 109 n 
Heimaphiodite Fishes, 420 
Hei m iphi oditism, 420 
EennosUlu 037 
Ee}(% 671 

Henmg, 564, 389 , coloration, 173 , 
gonads 403 , eggs, 412 , influence ot 
temper iture on time of hatching, 417 
Eetetohundius, 668, 590, accessory gill, 
293 

Eet<70(J}aen)p&, 67 S 
Eefe^ocongpi , 001 
Heteiodont, 251 

Heterodontidae, 44 ff , teeth, 251 pei- 
sistent nephrostomea, 401, 145 
IMeiodontus, 444 , skull, 223 , teeth, 
261 , spiral valve, 267 11 pMwmi, 

445 

Heteromi, 031 i , 306 
Eet&ropl&Uj) 071, 197, 138 , 11 hassuium, 
137, E mnqolmse, 187, U 
137 , E h^ctori, 137 , 11 mcddiiensc, 
137 

Eetefiostichwi, 709 
Eeterostmn, 6$4^i 149 
Ecterothnasa, 569 

Eetevotis, 657, 565 , laiaal gills, 290, 418 , 
size of eggs, 408 , // direnbeiqn, gill- 
helu, 294 , II ndotiLUa, 556, 568 
EexagrammuZae, 696, 694 
Eexagramrms, 696 

EescanchvA, 44 $ , hiancliial clefts, 277 ; 

B yrueu^ 443 
Hickson, 289, 690 n 
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UiuiUithyb, 71 i 

Himantolop1ui% 710 , II muJundfi, 719 
Hmcks, 21 n 

Hippocampus, h >4, 636, 15i 156, 283 , 
prehensile tail, 163, II hunostus, 
361, 362 , II yi( ft Hiatus, 636 
Hippocjlossiiia, 687 

Ilippoylossi ides, 68/ , II lunanduides, 
687 

Ilippioylossus, 687 , II. culytu is, b87 
Histiocepludus, 6^^ 

Histiophondie, 670, 676 
Uistioplmus, 680 
Hist i apt €1 us, 660 
HishntJmssa, 563 
H]oit, 39, 83 
Holacaiithus, 668, 361 
Holaigyieus, 648 
Holasjjis, 52) 

Holmi\ ood, 692 n 
Holoblastic, 97, 409, 410 
Holohraiicli, 278 

Holocentiim 656, 655 , H soyho, 361 
Holocephali, f 148 
Holoptycludae, ^79, 202 
Iloloptydims, 4^0, H leptoxjterus 236 , 
H Jtemingi, 479 
Holosomata, 88 f, 81, 82, 110 
Holo&tei, 4705 f , 149, 497 
Holotlmnaiis, Fieiasfei in, 626 ^yn- 
qnathvs and hoiyidithys in, 635 
Eoloienus, 695, H cutamub, coloration, 
165 

Holt, 690 n , 707 
Ilomalopteia, 564 
Horn ilopteriiiae, 58% 686 
Homocercal, 160, 237 
Homosoma, 643 
Homosteus, 536 
Hoplichthjidae, 690, 694 
Ilophchthys, 700 
Hoplognathidae, 663, 653 
Hoploynathus, 66^ 

Hoploiiayrus, 660 

llopJopteiyju, 656 , H hiuesiemis, 666 

Hoise Mackerel, 677, 168 

Hon ting, 668 

Humboldt, 681, 695 

Hundshscli, 610 

Huot, 627 

Huxlej, 30 n , 37, 112 

Hyhodm, 44^ » vertebral column, 197 

Hydrocyon, 575 , II goliath, 678 

Hydrocyoninae, 575 

Hydrolagiis colliei, 460 

Ily grog onus, 672 

IlymenocephciluA, 647 

Hyodon, 553 , II alosoides, skull and 
pectoral arch, 663 
Hyodontidao, 554, 544, 389, 405 
Hjostylic, 222 
Hyperlophub, 563 


Ili/ptH xnsHb, 540 , H heh , 552 
I lypt i phai > ngtal gioo\c 123 
Ilypnos, ekctric oiguis 365 H 

stib/u/f/UHi, 268 
Hjpobi inchial groove, 46 
Hj pobj thiiine 74 

Hypohifilaus 74 , II cali/coJes 72, 72 , // 
moseleyii 74 
IlypimesHS 566 

Hjpopharjngeal gioove, 122, 123 
Ilyxiophtlwlmuhthys, 584 II mdlitin, 
584 

Hjpopbthalniinat 580 

Hypophihahnus, JS9 

Hjpopliysial canal 58 

Hypophysis, 129, 370 

Hifpopi ion, 443 

Hypoptopoina, 595 

HypcpUjtUus, 630 

Hi/postnm a — sec Pletostom u s 

Ilypostomides, 6 23 

Hypsocoy m ns, 501 , H m si yv is, 602 

H>rtl, 558 11 599 n 

Hysie/ 0 ((npv\ 670 

lasib, 108 , I corchfoi mis onat la, 1 08 

Relus, 698 

Ichthyobonnae, J76 

hhthjoho) us, 576 

IchthyoLampub, 6 Hf. 

Ich til i/ouncH 9 , 571 
Idithyudeotes 561 

Ichthj odoriilites, 159, 435 44b, 4b7 

Idithyomiron, 436 

Iclithyopsida, 147 

Ichthyotomi, 438 f , 148 

liichthys, 644 

Icosteidae, 644^ 637 

Icosleus, 644 > 7. envjimtious, 644 

IguanodeoUb, 575 

Ihermg, 693 n 

Ikeda, 29 

Ilynphis, 601 

Infundibular organ, 127 

Intel -renal bodies, 316, 346 

Intromittent organs, 414 

Ipnops, 611, 613 , 1 mm ray i 612 ; 

photophore, 179 
Indocytes, 166 
Isdinacanthus, 4 J 1 X 
Ischyodus, 4 
Jsichthys, 551 
Iso, 639 

Isospondyli, 543, 620 
Istieus, 549 
Imnchthys, 678 

Jacoby, 601, 602 n. 
lanessa, 443 
Jenynsta, 616 
Jobert, 593 n, 

John Dory, 683, 308, 861, 363 
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Jones, 720 ii, 

Jordan, 542 

Joidan and Evermann, 669 n , 620 

Jordan and Go&s, 687 n 

Jordania^ 098 

Jotuiusy^ 640 

Jones cuirass tes, 692 

Jngiilares, 702 f , 651, 652, 306 

Julin, 38, 39, 52 

Julis, 07Sf 674 

Jnllien, 23 

Jumping Fish, 690 

Kalymmocytes, 40, 56, 93, 107 
Kelb-el-Bahi, 578 

Kidneys, 397 f , development, 397 , in 
difleient Fishes, 399 
Kilch, 311 
King-Fish, 628 
King of the Herrings, 716 
Kner and Steindachner, 626 
K}wia, 616 , K aoigolenm, 616 , K. 

speLn, 616 n. 

Kneriidae, 615^ 606 

Korotnefif, 39 

Koioalevsltaj 68 

Kowalevskiidae, 68 

Kowalevsky, 7 n., 37, 39, 94 n , 113 

Krohn, 37 

Krohmtis, 64I 

Kiukenherg, 271 n. 

Kuhl, 36 
Kuhha, 057 
Kuptter, 38 
Kurtidao, b87 

Kurtiformes, 687 f , 651, 662 

Kurtm, 687 , K, indicus^ skeleton of, 

688 

Kyle, 687 n 

Labeo, 582 , L.fcdcifer, 683 
Labidesthes, 639 
Ldbnchthys, 673 

Lahridae, 67% 654, 271, 275 ; coloration, 
164, 166 
Labrodon, 074 

Labrus, 673, 674 , pharyngeal teeth, 262, 
288 , L lahax, 275 , L WAicvdatiis, 
pharyngeal bones, 673 , L nmestris, 
674 

Labyrmthiform organs, 292, 293 
Lacaze-Duthiers, 38 
Loctanidae, 663, 654 
Lacta7 lus delicatvlub, 66$ 
iMctojohrys, 724 

Lctenmrgiis, 455 ; L horecdis, 465, 456 , 
intestinal caeca, 274 , eggs, 435 
Lais, 588 
Lamarck, 36 

Lamna, 451 , L cwnithica, 461 
Lamnidae, 450 

La^npetra, 426 , Z. wdd&n, 427 


Lampreys, 425 1 

Lampridniae, bJS, 627 

Lampiis, 618, 629 , Z luna, 628 ; 

coloiation, 164 
Lampiog^ammiis, 712 
La^npi ologiLs, 671 

La'fim'kia, 524) 525 , Z spiiiosa, 624 

Lancelot, 112 

Lang, 31 n 

Langerhans, 112 

Lankestei, 5 n , 23, 112; 113 

Lanmus, 663 

Larvacea, 64 ^ ) 64, 110 , structuie, 65 , 
habits, 65 , tail, 66 , classification, 68 ; 
occurrence, 69 

Larval Fishes — Teleosts, 417 f, 418, 419 , 
C> clo&tomata, 428 , Crossopteiyt,!!, 290, 
483, 484 , Chondrostei, 494 , Holostei, 
501, 604 , Dipnoi, 514, 616, 517, 
518 

Larval gills, 290 f , Elasmobianchii, 289, 
290 ; PolypUnis, 290, 483, 484 , 
Heteiotis, 290 , ehus, 290, 418, 

419 , Misgwmis, 290 , Salmon, 290 ; 
Piotopteim, 291, 515, 616 , Lepidosirm, 
291, 517, 618 

Laival organs, 418 , adhesive or cement 
organs, 418, 494, 501, 504, 614, 616, 
517, 618 , external gills, 289, 290, 419 ; 
cutaneous gills, 290, 483, 484, 617, 
618 5 defensive spines, 418 
Losamus, 532 ; L proUematuw, 632 
Lateolabraju, 659 

Lateral line sensory organs, 163, 384, 
385, 386, 387 
Lates, 660 
Latilus, 661 
Latrididae, 663, 654 

Lati IS, 663 , Z liecat&ia, nocturnal colour- 
changes, 170 
Launce, 639 
Lavaret, 568 
Leather Carp, 584 
Lebiasma, 575, 578 
Lefevre, 83 
Lefm, 582 
Lemon Sole, 687 
Le7it%pes, 689 
Lepadognster, 709, 191 
Lepidocephahchthys, 582 
LepidocotHs, 698 
Lepidomeda, 582 
Lepidopm cavdatus, 679 
Lepidorhombus, 687 , L megastoma, 687 
L^idosiren, 511, 149, 158, 261, 401 ; 
pectoral fins, 167 , skull, 231, 233 ; 
gills, 286 , larval gills, 291, 617, 518 ; 
lung, 291, 301 , vascular system, 527 ; 
thyroid, 344 ; growling sounds, 363 ; 
relations with other Dipnoi, 518, 519 ; 
Z paradoxa, 616 ; distribution, habits, 
and food, 516 , nocturnal colour change, 
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j 17 hibernation 517 , nest, 517 fila 
ments on pelvic limb of male 617 , 
Ur\a, 517, 618 
Lepidosireniclae, SJl 
Lepidosteidae, ^03 
Lcpido&teoidei, 40^ f 

LLpidostmn, 503^ 149 153, 160, 258, 262, 
273 274, 283, 284, 291 , scales 1S5, 
186, 188 , vertebral column, 201 202 
204, skull, 229 alimentary canal 257, 
spiial valve, 268, pyloric eacci, 274 
air bladder, 297, 299, 310 , spiiacuUi 
psendobranch, 334, 336 branchidl circu 
lation, 334 n , 336 , brain 376 , monads 
400, 402, 405 407 , segmentation of the 
egij, 409 , distiibntion, 503 , habits, 
503, bleeding, 503 , lar\ae 504 fossil 
501 , L ossexLS^ 503, 504 L platy- 
iliynclws pectoral fm 243 , L 
stomns^ 603 , L SfS 

Lepidotkynnus 676 
Lcpidotrichia, 234 
Lfpidoti iglcf 701 
Lepidofia, 4^6 , L minox^ 497 
Lepomis 657 
Lepopludium 713 
LtpOfxnn% 57 
Icptagoniatts, 575 
LepUi od< 633 
Lepfichthys 563 
/ iptobm htes, 583 
Leptocephalid, of 548 

Lepioteplxaluii, 600, 21 n , Z hreviiostu'^, 
602 

LeptochiZiUithys 570 

Liptochnumi 67, section, 86 spicules, 
87 , L neqlettum, 80 

Leptodeima, 570 \ 

Leptodoim 58 S 

Leptolepididae, 546, 544 

Lpptolepis, 546 , L diibius, 646 

Lepiopterygvus, 709 

Lcptoscopidae, 705, 703 

Leptosiopiis, 705 

Lepfosomns, 611 

Leptotmchelus, 623 

Letkunus, 665 

Lmcaspviis, 582 

Leuasous, 582, 288 

Leuckart, 37 

Leuwmnm, 582 

Levinsen, 23 

Ley dig, 584 n 

Lwlna, 677 

Ling, 649 

Lvnophrync, 719 

Liocassts, 588 

Lioc^tus, 719 

Tjionurus, 647 

Lxopropoma, 659 

Lxparis, 698, 699, 411 

Lipaiops, 698 


Lixiogenjidie, 634 622, 623 
Lipogcnys G3^f., L jdhi, 624 
LijJosa7cus 595 

Linis, 6j3, L nt(dvsoplaujxi\ 643, L 
petufotmis, 613 
Lnuanns, 601 

Liver 271 , ot Amphio\us, 121 123 
Loaches 585 261, 290, 292 , Pond Loach, 

586 

Lohotts 658 
Lobotidae, 658 653 
Locomotion of Fishes, 349 f , 361 
Lohmann 66 
Longchamps de Sel>s 29 
Lophiidae 718 
Lopliimns, 718 

Lophius, 718, 153 L piscato^i'iis, 7 18, 
355, lure, 161, 173 teeth 250 
Lophobnnchii, 613, 543 628 
L( pholatilus, 661 , L Cliaixmdeontu tps 

661 

Lopliotes 716 
Lophotidae, 716 
Lorenzmi s ampullae, 384 
Loncaixa 595, 292 
Loiicariidae, 594 575, 256 292 
Loncarnnae, 695 
Lota, 646 , L rndgaiis, 640 
Lotella, 646 

Lowig and Kolliker 37 
1 iicifuga, 712, 713, 395, L buhteiianea, 
361 

lALtiohama, 582 
Liuxouphalm, 669 
Luowgohius, 689 
Luoioperca, 650 
Luciosoma, 582 

Lump Sucker, 699, 162, 321, 408, 4J5 
Lmnpenub, 709 
Lunel, 635, 682 n 
Lutjanmae, 66^? 

Lufjmm^ 660 

Lutken, 614 11 , 682 n 714 n 
Lutodma, 256 
Luvandae 681, 676 
luxarxis wyp&nahs, 681 
Lycouna 712 
Lycodts, 712, 702 
Lycodontxs, 606 
Lyco7m% 647 
Lycoptern, 546 
Lymph hearts, 342 
Lymphatic system, 342 
Lymphoid tissue, 348 
Lyomeri, 622 
Lyosphae) a, 726 

MacBnde, 16, 31 n , 113, 133 m 
Arintosh and Masterman, 565 n 
Mackerel, 678, 168, 275, 302 
Macquana, 659 

Jlacnics, 705 , M, amtssiis, 705 
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Matiodoih, 775, J/ tiahiia month 677 
MtiLione% 5<S? 

Muo opha ! y n ! bO'/. 

Mao (ph tlad m in < h i hn 6i% Jt2(j 
Mauopodm 'oinch auiatiu>, 0$9 
Mauopoma^ 202, 268 
Maciosemiiiine, 497 
Manos^emxa^ 4^6 
Matfosfomias 7 / / 

Maciuiidae, 6-^7, 702 
MactiLumm^ tiff? 

Man tuvs^ 647 y M fcommatn^ 647 
Mnoia^ Gb'f 
Mahaseer 584 

Maigre (=- Meagre), 361, 362, 613 

ULtldi ai\tlui% fiCil 
MalaciohtJiyi, 059 
Malac itephalm^ 047 
Malartpiei la,^ 07 1 
Malacopterjgii, 7^^ f, 159, 306 
Malrttosd) CVS, G19 

Malatosteus, 671 , M umluiLS, 670 , 
phofoplioieo, 178 

MnUotu% 566 , M 'iyillos^(>s, 668, 569 
Malm, 685 11 
Malopterunuae, 58^ 

Maloptenoii^ 5SS, 593 359 clectuc 
organs, 365 J66 M elfd/uus, 591, 
362 

Malthe^ 730, scales, 190, 191 M ic6- 
pe/tdio, 720 
Malthidae, 7 JO, 718 
Malfh/>psis, 720 
Mantle, 42 
Manuseniii% 551 
Marsupial pouches, 41 6 
M istacembelidae, 710 
3Iccstacemhelics, 717 , J/ maeidatus, 717 
Misteiman, 23 n, 25, 27, 28, 29, 31 n 
Mauiolicvs, 571 570 
Mazza, 714 n 
M’Biriki, 683 
Meagre ( = Maigre, v ) 

Meda, 583 
Medudava, 657 
Median fins, 156, 234 f 
Medusae, with Cammi, 643 
Meek, 714 n 

Meyoduhthys 477 ^ 478 spnal valve, 
268 

MegaZounvs, 66 , M ahyssorinn, 66, 
68 

Meqalop% 547 , M oMajiiivm, 647 , M 
cypnnouks, 547 
MeqaZurus, 501 
Megrim, 687 
Melmxbaphes, 604 
Melamphae% 656, 620, 655 
Mdanocstus, 710 
MdanosUqniu, 71B 
Melanostomn, 659 
Mdanoktenui, 0$9 


Memhi ni i nictitaiis 395 
Memhrautll 1 C 19 
Menaspis, 44 > 

Muib 07 / 

b4b n 17 ndyati'y 019 
led gland, 308 
{ Meroblastic, 93, 409 410 
VIeiosoiiiata 65, SI, 110 
Mertens, Yon, 66 
Me'yacanthv'y 44- 
Me^iti icf, 447 
Mesobyius, 570 

I Mesocoiacoid aich, 513, 573 
Mesodon, 2^'' 

Mesonephros, 397, 398, 400 
Mesopnt n qemhiCi, ladialia <1 the doisd 
fin, 236 

Mesorahiuin 402 
Mesovariiiiii 402 
Mestiffits 473 '^ 

Metcalf, 38 52 109 
Metsehnikofi, 19, 31 n , 39 
Metynnib, 570 
Me>en, 677 n 
M^iaiactnihus, 009 
Mioahstes, 575 
Mioohatlmi'i, 53 f^ 

Miuocoeha, 011 

Mitioco^mus (hascJnb, doisal tnhonk, 

79 

Micjndan, 

){ic 7 opo(/on ifiididaius, an Idaddei and its 
muscles, 360, 361 
Miciopinvs, 057 
Micropjles, 411, 412 
Uiuospathodo}}, 673 
Mu-oostoina, 500, 565 
Miller s Thumb, 698 
Milne Ednaids, 37 
Minnow, 288 
Minot, 30 n 

Minous, 095, 602 , M 695 

Mugmnv% 5S2, 290, intestinal respua 
tion, 261, 292 , ovnlucts, 405 , 1/. 

358 686 

Mistiohthy^ luzonensis, 069 
Mobius, 630 n , 673, 724 
Moclwous, 588 
Mold, 737 

Molguia, 77 , M utrum, 79 , M oadatu, 
77, 79, M px/rifonnib, branchial sac, 
77 , dorsal tubercle, 79 
Molgnlxdae, 77, 64, 110, nei vous sj stem, 
53 , repro luctive organs, 55 
Molidae, 726, 722 
M6lh67ieva, 616 
Molluscoidea, 35 
Molm, 648 , M ixdgm is, 649 
Mona<iantItu% 724 > coloiation, 165 , wain 
mg colours, 174 , scales, 190 , sounds, 
364, 357 , M sp , 728 , M paidedi\, 
361 , M bcopas, scale 191 



INDl \ 


747 


Monascidiat 

Monoceutrid u hjh 653 
^[o^wL ntrib>, b jO 
2J[vno( iniiii, 65 S 
Monoginn, 413 

V(m(2)fe/i(s, 50/' M /at miens is, htifl, 
skull pectoial arch, vertebrae, 598 
Moon eyes, 553 
Moon hsli, r7^ 

Mouhelhinii SS 2f aor/i/ , stomadi 

88 

Uordacia j % 

Moigaii, 11 n , 20 21 n , 31 n 32 

MoihUifnn bOl 

MoimyiiUc 5^0, 544, 154, laival t,ills 
290 , abdominal 2-»ores 401 
Moimjnnac 772 
Itomyiox/s, 551 540 
Mormais, 551 

Alotmyi ii%551 M cahalhis,^^^ , electric 
oigaus 365 366, 401 
Mtirone, 6J0 660 
Moselej 95 613, 702 n 
Motdla 6^0, 288 

Mouth position, si^e, and shape , of Cyolo 
stomata 150 of Fishes, 153 1 
lloxistoma, 581 
Mud Fish, 610 

Alitgil, 640^ 264 , M capiU , 1 40 

Mugilidae, 6^/9, 637, 266 , gizzard, 260 

Mullei, II , 37 

Mullei, I, 19 31, 112, 129 

Mullei 0 r , 36 

Mulleruii duct, 398, 400 , 404 

Mullets, Grev, 640 , Red, 665 

Mullidae, 66 j, 654 

Mulloules 060 

Mullvi,, 665 , M hcirhatu% 666 , M sm- 
muletus, 666 pectoral arch, 666 
Mwaena, 005 , 21 lielena, 600, 606 
2Iuraeneso3u, 001 
2Im aeiiiUithijs 60 J 
Muraenidie, b04«, 163, 259 
Muiaonolepididae, 6^9 
MuKtenolipiH OJ^ 

Murri'^, 613 
Mu‘*culu system, 350 

44^, 298 , placenta, 434, 449 , 
d/ antarcticns, radialia ot the dorsal fin, 
234 , vascular system, 316, 317 , 330, 
331 , 334 , placenta, 435 ; J/ Uieiis, 
449 , 2f i idya'i is, 449 
Myletes, 570 
Myleiis, 570 

Myliobatidae, 4^^ ? teeth, 251 
2Iifhobati% ^65^, 466 , 2£ aquila, 465, 

466 

Mylostoma 5S7 
Myocoele, 397, 398 
Myocomma, 117 
Mycnnynis, 551 
Mjotome, 117, 133 


MMiioaiithid le ^6S 

Miinacanthifs, ^6S 1/, jiminlafns 4b& 

2IyujiiiHUs bob 
' 2Iy conge/, OOO 
My 2^7? /i, bOl 
My /US, GO! 

21y me, ^22, 147, external chiiacteis 
151 thicid-cdls 182, vatcbial 
coluiim 197 teeth, 218, luei, 27 i , 
panel eas 273, gill sacs, 281, bleed 
coipuscles 341, biiin, 3T12 , auditorj 
oigaii, 387, 888 pituitan involution, 
391 , degeiierite ens 394, 395 , pio 
nephros, 399, 400 genital poie, 403 , 
distribution, 422 , habits 422 hti 
maidiroditism, 423 ; 21 ghitxnosa 161 
422, 423 
Mj \inidae, ^2^ 

I Mj xinoidcs, 4 » 7 l f 

I 21 y us 040 

I Nandidae, 65S, 653 
Xmdns 058 
Xannaethiop'', 570 
Xaii/wh uUiium, Oil 
Xan/WLampiis, ( S4^ 635 
Xannochaia , 570 
Sanoglayiis, 688 
Xcu ( ijtmthiis, 570 
Xan< siomus, 570 
Xaiistnia, 566, 565 
Xaiieitb, 57 i) 

Xa/iiUK, 404 

Xaseiis, 00^ 

XuK crates, 077 , X ducior, 677 
Xealotus, 679 
Xeuthenna, 659 
Xehrib, 061 
Xedystona, 508 
Needle Fish, 634 
Xemachilus, 58J 
Xematahiamis, 082 
Xmvatistius, 677 
Nemmloguiys, 588, 587 
Xevialonotus, Oil 
Nemichtbyidae, 003 
Xeinitlithys 00 i 
Xermpteryc, O 48 
Neohola, 682 
Xeohorns, 576 
XeobytMUs, 712 

Xeoc&i atod'iis, 508, 269 291 , skull, 231 , 
pectoril fin, 244, gills, 285, 286 , lung 
291, 299, 300 , vascular system, 823, 
324, 329 338 , grunting sounds, 363 , 
brain, 377 , abdominal poxes, 401 , 
Mullerian ducts in the male, 407 , dis- 
tribution and habits, 608, 612 , spawn 
mg, 610 , eggs, 510 , young, 610, 611 , 
lelatious with other Dipnoi, 518, 519; 
N foTsteri, 608, 609 
Xeochanna, 608 
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XeoLbuis, STb 
Xroj)emj}JienSt 6o7 
X 70$ 

XcoscopelaiSf 611 
Xiosilunts, 566 
Nepbudia, oi Amphio\us, 125 
Nephrostomes, 398 , persistent, 401 
Nephrotomc, 397, 398 
Ae ojohi% 0 S 4 , 635 
Neive eminences, 383 
N'er\ous system, of Chordata, 4 , of Hemi 
cboidita, 9, 26, 30, of Tamcata, 53, 
58, 66 , of Amphioxus, 127 f , 131 , of 
Fishes 3t)7 f 
Xesiarchios, 679 

Nesting habits of Sticklebacks, 630 
Nests ot Fishes, 414 f , 427, 500 601, 614 
615, 517 ot Ay litSf 593 , of Duias and 
(^allitMliySi 692 of Gobiits, 690 , of 
(xymna/cJm^ 552 , of lleUiotis^ 558 , of 
Spinachiai 631 
Xettctstoma, 601 
Xettenchdys, 601 
Xettojyhuhthys^ 601 
Neural glan 1, 52 
Neurenteric canal, 67, 131, 133 
Neuroraeres, 195 n 
Neuiopore, 10, 68, 59 
Nilheobte, 650 
Nilsson, 715 
Xijphon, 659 
Ni&liikawa, 685 n 
Noll, 584 n 

XoimuSj 6^, iV gronom, 643 
Nozman, 23 
Notacanthidae, 62^ 

NotacanthiiSi 025 , X botuij^wtiw^ 626 
XotaqoguSj ^98 

Notnlanidae, 279 ; persistent nepbro 
stomes, 401 

Notidanus^ 4^3^ 345 , spiral valve, 267 , 
X cDiereiLs, bianchial clefts, 277 , 
skull, 222 , N griseiiSi branchial clefts, 
277 

Notochord, 3 , of Enteropneusta, 14 , of 
Gephcdodi6CiiSi 24, 25 , of jRJiabdopleurOf 
27 , ot Actmotrocha, 28 , of Tunicato, 
67 60, 61 , of Amphioxus, 119, 118, 
119, 132 , of Fishes, 193 f 
Xotoglwmdviim, 588 
Xutoglanis, $88 
Notogonev.% 572 

Notoptendae, 554, 644, 303, 389, 405 
Xotopterm,^ 555, 153, 305, 306 , N af&i, 
skeleton, 564 , X chitcda, 556 
Xotothenid, 706 
Nototheniidae, 705, 704 
Xoiuru% 588, 590 
Xtyoacula, 673 

Nucleus, of Thahacea, 101, 105 
Xima, 582 
Nurse, 97 


Oar Fish, 715, 163 
Oblata, 004 
Ocelli, 53 

Octacnenndae 106, 101 
OUauiuMt^, 109, 101 , 0 hytliiK, , 109 , 
0 ;patagQine)isi% 109 
Othix, 674 
OdciLOtlu issu, oOo 
Oilontiibjpib, 4^1 
OdonUm, 67 i 
Odonfo/iectes, 660 
Odotito&fmnui,, 611, 613 
Otnoscopm 54$ 

Oesophagco cutaneous duct, 2b 1 
Oikoplasts, 65 

OiU)plLma, 66, 67, 69 , trans\cise section, 
67, longitudinal section, 68 O (ojj/if- 
ce/6a, 66, 0 dwim, 70, O liaheUiun, 
transverse section, 69 
Olfactory organs, 155, 390 f , 391, 392 
Olfactory pit, 129 
Oligopleuiidae, $4$^ 644 
Oligojpleimib, $ 4 $ 

Oligoixts, 659 
Oligosaityis, $7$ 

Ohgotreim, 76, 111 n 
Olt, 584 n 
Oly/a, $88 

Omhle Chevalier, 667 

Omxodon, 611 

Omosudi9, 611 

Oncorhyncha% $66 

Omirodes, 719 , 0 eschnehtu, 171 

Onus, , coloration of laivae, 175 

Oozooid, 84, 91, 93 

Opah, 628, 164 

Opeiculum, 25, 155, 278, 282, 283 
Ophichthyb, 601 

Ophidiidae, 713, 651, 702, 704, 163, 
361 

Ophidiuxn, 713, 361 , air bladdei, 302 
Op1iioblenmu% 709 

Ophiocephalidae, 644i 637, 163, 293, 361 , 
distiibution, 646 

Ophioupludus, 04 $ , labynnthiform ozgan, 
298, 0 mar'idim, 361, 0 gachua, 
361 

Oplmdon, 696 , 0 elmgatus, skull, 692 

Opisthocentrus, 709 

Opisthognathm, 661 

Opisthomi, 716 f , 661, 306 

Opxstlxomy'^on, 691 

Opisthmema, $63 

OpisthoproUns soleatus, telescopic eyes, 

396 

VpisthopUryx, 611 

Opostmmas, $71 , 0 mcnpnus, photo- 
phores, 178, 179, 181 
Opyanxis, 711 
Opsamchthys, $82 
Oral hood, 116, 119, 136 
OiShnvA, $82 
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(heosoma, 68S 
Oiestias, bib 
Oiodus, 

Oi thago'i iscu^i, 727^ 153, 354 , spinal cord, 
3b7 , 0 mola, 602, 727, 348, 357 
Oitho enteric, 102, 108 
Osmeroidehj 547 

Osmpius, 5bb, 565 0 epeilanitSf 568 , 

gonoducts, 405, 411 

Oisphromenidae, d69, 654 , lahjrmthitoiin 
oigan, 293 

Osphromeuus, 669 293 , 0 oIJojl, 669 
O'^pliyolaoo, 624 
O^taiiophjsi, 573 f ,'306, 389 
Osteochiliis, 583 
O^iteogeniosuSi 589, 593 
Osteoglossidae, 555, 541, 294, 405 , laival 
gills, 290 distribution, 667 
Osfet glosmm, 557 , 0 hicvrihomin, 666 
Osteolepida ^77 i 
O&teolepid le, -^77 

Osteolepis, 477 , 0 inacrolepidota, 477 
Osteostraci, 5J7 f , 149 
Osfracion, 724>> 152, 361 , colours, 165, 
174 , scales, 191 , 0 omatus, 165 , 
0 quadnmms, 726 , 0 trigoniis, 
362 

Ostraciontidae, 72^, 721 
Ostracodcrnii 523 t , 149, 721 
Oiooindus, 595 

Otohthm, 663, air bladder, 304, 0 
i6gali% 361 

Oviducal gland (sbell gland), 400, 407 

Ovipositor, 408 

0 uduees, 090 

Ovgtlo'Kjts, 588, 359 

0\ygnathm, 4S7 

0 ylcbim, 696 

Oxymetopon, 689 

Pacbj cormidae, 501 
Pmhycomius, 501 
Pachyld>ia8, 616 
Paclnjmetopo% 665 
Pacbyrbizodontidae 569 
Pachyrlmothis, 669 

PachystmnuLs, 571 , P imcrodon, photo- 
pbores, 178, 179, 180 
PaLhy%da, 588 

Paddle Fish, 4^1 , —Polyodon, q v 
Pagdlus, 665 , P. centrodontus, 846 
Pagnis, 665 , P auratus, 666 
Pcdaeolycus, b09 
Palamnylus, 468 

Palaeoniscidae, 4^6, 485 , range in time, 
487 

PalaeonisGus, 486, 487 , P Tmcropcnnus, 

486 

Palaeorhynchidae, 680 
Palaeorhynohus, 680 
Palaeoscylhum 4^ 

PaZaeospinax, 446 , vertebral column, 197 


Pilaeospondjlidae, 521 f 149 
Pcdaeospondi/lu^ junni, 521, 622 
Pall mph yes 078 
Pallas, 112 
Panel eas 273 

PangasLus, 688, 305, 359 , P micronema, 
359 11 

Pantudon hiaJilwl i, 55S, 669 
Pantodontidae 558, 544 
Papillae, adhering, 61 
Pa^acenPi os( ylhmiu 455 
Pa'iadiplomyste^, 588 
Pmagoniates, 575 
Pmaxlia, 588 
Pcnidepis bll 
Paiahchtliy^, 087 
Pa^ ahpai 1 % 098 
Pmalateies, 724 
Pai anthia% 059 
Pmapega^us 0 36 
Paiapelems, 582 
Pa^aperas, 705 
Pai aphago, 576 
Pai aphi actw a, 588, 589 
Pa'i api meant Jiu ?, 657 
Parapsettns, 008 
Pai ascopehis, bll 

Paiasitism of Phodeiis, 684, 416 , ox 
Stegophdns, 594 
Paratdapia, 671 
Pai atraclndithys, 656, 655 
Pai atiygon, 465 

Parental c «e, 416, 416, 500, 601 
Parexiis, 44^ 

Parietal budding, 82 
Parietil eye, 895 f , 396 
Panolms 688 
Paiker, T J,714n 
Parker, W N , 705 n 
Parodon, 576 
Paropsis, 677 
Parrot- Wrasses, 674 
Pataeevs, 709 

Pearl 0>steis, Fieiaijei in, 625 
Pectoral fins, 157, 242, 243, 244 
Pectoral girdle, 239, 240 
Pediculati, 717 i , 651, 306 
Pegasidae, 6S6, 626, 62b 
Pegasus, 636 

Pegea, 108, P smtig&ra - confoederata, 
108 

Pelagic ova, 408 
Pelargoiliynchus, 623 
Pelecus, 582 
Pellegrm, 671 n , 724 n 
PeU(ma, 563, 663 
Vellowika, 563 

Pelonaia, 74 ? branchial sac, 74 , P cor 
rugata, 76 
Pelor, 695 
Pdorm, 685 

Pelvic fins, 158, 246 f , 246 
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Pehic (Xirllt, 2c>9 f , 240, 241 
Pemphuulie, 6 j6, 6j3 
Pemphcns^ 0>/ , P mt/dlLri, 667 
PiUi,fl)J)tL)t/ ,bi4i ^35 
PeutfK eiopsLs^ hbO 
Pnit(UPto\ (jfjO 
Peutaceiotinic, ObO 

Pen tanem ns, h>fl P (/ u i nquro ms, 1 62 
Pentapus, Ob^ 

Pentatoqe, GVo 
Pepulu% bJ}3 

Pena, bj9,2()A, almituta,!} caiul, 276, 
veins, 323 , tbjioid, j 43 , auflitoiy 
organ, 388 , P fl2utafili9, 659, 321, 
323 

Pexulatis, b50 
Pticaitina, 059 
Peio^soces, G3b t 

PlicTi, 659 , deposition ol eggs, 111 , = 
Peictt, q \ 

pLtci(hthi/<i, 059, 660 
Peicidae, 656, 654, 412 , coloiation, 166 
Peiciformcs, G53 f , 651 
Pei cilia, 0 j 9 
Pucim, 059 
Peicophndae, T05, 703 
Pei aphis, 706 , P hiasiliaims, pectoral 
arch ot, 703 
Percopsidae, 020, 606 
Peicop&is, 021 
Peribraucliiil Tjuddiiis:, 82 
Pcribi incbi il ca\ity, 43, 44, 69, 63 , of 
Tbalncea, 95, 101 

Pencaidium, of Heniioboidati, 15, of 
Tunicata, 44, 49 , of Fishes, 327 
Penhacmal spaces, 9 

Pit wpIUhaJ mils, 089, G90, 355 , eyes, 
155 , pectoral fins, 161 , tul as a re 
spiritoiy organ, 289, P loth eaten, 
690 n. 

Peripharyngeal bands, 45, 46, 52, 53 
Peripharyngeal spices, 9 
Pensteihon, 701 
Peroii 36 

Perophora, 72, 8i , P listen, 72 

Petalodontidae, 440 

Petedodus, 44G 

Petalopteryx, 498 

Peter-sen, 690 ii 

Ptt&rsius, 575 

Petrocephalu% 551 

Petromyzon, 420, 147, 258, 367, 382 , 
external characters, 160 , skull, 217 , 
teeth, 247, 248 , spiral \alve, 264 , 
liver, 272, pancreas, 273, gill -sacs, 
279, 280 , heart, 327 , aiteries, 3-9, 
330 , blood corpuscles, 341 , thyroid, 
843, 344; supra -renal bodies, 346, 
bram, 371, 372, 392 ; spinal nerves, 378 , 
auditory organ, 387 , olfactor;^ organ, 
391, 392 , naso pituitary involution, 
391 , pituitary caecum, 392 , parietal 


eje, 395, 396 kiflnt>s, ^oiuds, lud 
genital pores, 399, 400, 403 , <listiibii 
tion, 12b P ff^^natilis 426 , P 
munnus, 426 , P plant j, o\ i, lib, 
2^ wilthn, sla^\nlng, 427, lii\ \, \iii 
inocoetes stage, 428 
Petromyzontes, f 
PctiomjzontidaL, 4 JO 
Pthosiutcs, 7(^9 
Phcign, liO 
l^hallvstu, i J 

J^kancropleuion, 50G, 519, P undeisoni, 

506 

Pkant rostcon, ^67 

Phirjii^^al teeth, 251 

Plmnjnijod lUyun, 8/ , P mnahih, 80 

Ph u } ngognathi, Z> 5 ? i 

Phxi’viijfopucusta, iO n 

Phisalix, 705 11 

Phlydaenaspis, oJO 

Pholcditlithy\ 709 

Pholididae, 711, 704 

Pliolidophoi idae, 545, 541 n , 511 

Phohdopho/ ns, 545 

Pholib, 711, 712 , P (jnnndlns, 712, 
415 

Phoronidui, 27 t , 5 

Plioionxs, 27 1,5, icgaicration, 16, $0 , 
P bn si hi, 28 
Phoiozooul, 99, 100 
Phosphoicscuit or gins, 178 
PhotuMhys, 571, 570 
Photobleplimmi, 060 
Photonectes, 671 

Photophores, 178, 612, 613, 624 711 

Photostomias, 571 

Phractolaenndae, 6G0, 544 

Pin actolaemm uiiseugn, 500, 660 

PJiiaUina, 588 

Phthinobrinchii, 029 

PJn/cis, 048 

Phyllodou, nephridiurn, 127 
Phyllodus, 07 j 

Phyllopt&ryn, 034 > P 636 

Phylogephyi a, 505 
Physaiha, 688 
Physalm, with IS^omeus, 0^1 
Phy Siculus, 648 
Physoclisti, SOG, 307, 311 
Physopyxib, 588 
Physostonu, 648, 306, 311 
Pmhucina, 575 , P argenhna, mouth, 
677 

Pike, 609, 250, 307 
Pike- Perch, 650 
Pilchaid, 564, 389 
Pilot Pish, 677 
Pimelepterus, 667 
Pmelodina, 588 
Pimelodus, 588, 589, 361 
PimephaUs, 58^ 

Pipe-Fish, 634, 154 
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Ihtamiitana^ 088 
Pinulia, 578 
Pnate PeicL, 656 
Puatingo^ 361 
PLtinamjjiis^ 588 
Pit organs, 383 
Pinutiry bodj, 129 

PI iccnta, of iJihohim^ 98 , of jEemunyaiia, 
101, 107 , of Pibhes 434 
Phgio&tomi, 44^ i , 148 
Phtgusia, €87 
Phijgodus bl4 
Plaict, 687 
Plcitas 668 

Platj cephalidae, 099^ 694, 650 
Platgce2.halvSi 69% 693 
Platychaeiojps, 673 
Platijcoi mus, 64^ 

Platyqlossus^ 673 
Platylaemus, 674 
Phdypoeoihit,^ 616 
Platyihmoviu^ 4h0 
Phtyhomatiulithys, GS7^ 685 
Plat^ somidae, ^7, 485 
Platymnus, 48S 

Platyntoma, 594 ? bladder and it's tx 
tiiiisic muscles, 360, 361, 362 , P unis 
dunSj 694 
Platyt7octes, 570 
Pleooduii, 673 
Plecoglobsiis, 56G, 569 
Pleco^tomiu,, 595, 266, 292, {Bypostoma) 
scales, 190 , P comm&sonu, 192 
Plectognatbi, 7n f, 543, 661, 206, 231, 
275, 306, 354, 418 
PUctim)m% 656 

PleUiopoma, 6J9 P ) tcliarcUonu colora- 
tion, 165 
PUswp% 65^ 

Plethodics, 549 
Pleuracantbidae, 4¥^ 

Plefivracanthvs, 44O, 169, 235, 236, 438 , 
vertebral column, 197 , pectoral and 
pelvic gii(J!l|j|iS, 239 , pectoral fin, 242 , 
pelv 1 C fins, 246 , P duchmi, 439 
Pltnoagiamma, 705, P aidarctioum, 
705 

Pleurogrammvs, 696 

Pleuronettes, 687 , P. Jlesics, 687 , colora- 
tion elements, 167, 170 , P hmanda, 
687 , P platessa, 686, 687 
Pleurq^ectidae, 684, 683, 162, 264, 275, 
284, 302, 412 , protective coloration 
172 

Phw opholis, 545 
PUuroplax, 445 
Pleuropterygii, 2^6, 148 
Plication, of branchial sac, 48 
Plotosus, 588, 687, 408 
Podateles, 714 > -P vadyMS, pectoral arch 
of, 714 

Podatelidae, 718, 704 


Poecdia, 616 
puecUoiUs, 445 
P( eidophdta, 687 
Poey, 713 n 
Pogge, 700 

Pogomys, 663 , P chi r mis, 662, 361 , 
air hladdei, 3l)4, 306 , diuinmiug 

sounds, 362 

Poison, of Ttackinas, 705 
Poison gl inds, 176 
Pollick, 649 
Pollin, 5b8 
Pohjm anthunotm, 635 
Polya antluis, 669, 293, P oje/cida/i^ 
669 

Polyandry, 413 

Polycarpa, 74^ 76 , reproductive organs 
55, P awafit, 76, dorsal tuhesrtle, 
79 , P t<mata,76, P gluinaata,lscLV% 
78 , P ptdata, 76 , P tuictor, 76 , 
dorsal tubercle, 79 
Polycarps, 76 
P(^caidus 695 
Polyoentiopsib, 656 
Polyoentrus, 658 

Polyclmidae, 87, 81, 83, 110 , ascidiozooid 

82 

Polydmuin, 88 , P molh stomach, 88 
Polyoyclub reMU i, larva, 78 
Polygamy, 413 
Polyipmis, 671 
Polymvx.ia, 656 
Polynemidae, 64O, 637 
Polynemub, 64I , P yuadnjihb, 641 
shouldei girdle and pelvis ot, 640 , P 
xerckcT, coloration, 16 > 

Polyodm, 401, 154, 284, 405 , aestigiil 
dermal denticles, 188 , iilili, 201 , skull, 
226 , pelvic tin, 245 teetli, 249 
pjloiio caeca, 274, -76 , gills, 282 
spiracle, 283 ; gill lakers 288 , P 
folvmn, 491 ; habits and distribution, 
491 , breeding, 498 
Polyodontidae, 4OI, 486, 489 
Polyphyodont, 250 
Polypnon 659 

Polypteridae, 4^1 , distribution, 483 
Folyptencs, 488, 149, 323 , scales, 186, 
187 , vertebr il column, 202 , nbs, 206 , 
skull, 226, 227, 229 , median fans, 235 , 
pelvic girdle, 241 , } ectoral fin, 243 , 
tongue, 252 , spiral valve, ,268 , pyloiic 
caecum, 274 , spiracle, 283 , pseudo 
branch, 284 , larval gills, 290 , air 
bladder, 298 , arteiies to air bladder, 
337 , sounds, 362 , habits and food, 

482 , breeding, 483 , P, hichvr, 482 
P congiijus, 290 , P laprad&t, 483 , 
larvae, 483, 484 ; P sen^cdus, 482, 

483 

Polyrhtzodvs, 445 
Polystyelidae, ^9, 81, 110 
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Poljzoa, 35 
Pomacanthu% bbS 

Pomacentndae, 654 , coloratiou, 

166 

Pomatentrus^ 672 
PomatoBWiiae, bGO 
Pomafonmtf b60 
Pom O') 7/s, 0o7 
Pope, 659 

l^orlJeagle Sharks, 450 
Porcupine Fishes, 726, 163 
Ponchthijs, 711, photophores, 179, P 
porosis'^wniis, 711 
Porogadiis, 71 J 
P 07 the Its, 56 1 
Post abdomen, 83 
Pouohet, 7 n 
Pout, 649 
Powell, 714 n. 

Prebraucliial zone, 45 
P/uiuicts, 07^ 

Preuadillas, 595 
Priacauthiuae, 660 
Pnaoanthiis, bbO 
Prince, 630 n 
Piionodoii, 44^ 

P7to7ioJe2)i'^, b09 
Piionot^ts, 701, 361 
PnoihU7us, bbS 
P7iscacara, 672 
Pnstidae, 46% 458 
P7ishgaste7, 563 
Piistiophondae, ^57, 458 
Pnsfiophoi7ts, 467 
Piistipoma, 064, 361 
Piistipomatidae, Gb4, 654 
Pristis, 460, 272, rostral denticles, 184, 
P a7Uiqicom7?i, 469 
Pnstmms, 446, 447 
Proctiitigonia, 6b7 
Proboscis gland, 15 
Proboscis poit, 9, 24, 27 
Proboscis skeleton, 14 
p70uttopu% 676 
Piouhaiios, 503 
Prochilodus, 576 
P/octotroctes, 608 
Prolates, 660 
PiQlebias, 61b 
Proles gregana, 102 
Proles solitaria, 102 
Promethiththys, 679 
Prcmiylwhati'i, 46b 
Pronephros, 397, 400 
P/onotacanthTis, 622 
Propagation, of Eel, 601 
Propoma, 659 
Projprtstis, 460 
Protaulopsis, 688, 632 n 
PTothymallus, 565 
Protooamjpus, $84 
Protocercal, 159 


Piotopteiusj oil, 149, 153, 259, 261, 262, 
272, 273, nostiils, 156, pectoial hns, 
157 , cutaneous glands, 182 , skull, 231, 
232 , pelvic girdle, 241 , almientaiy 
c iiial, 267 , spiral valve, 268 , p increas, 
274 , gills, 286 , larval gills, 291, 616 , 
lung, 291, 300, 301, 302 , vasculai 
system, 326, 327, 329, 339, 340, 

thyioid, 343 , thymus, 315 , sounds, 
362 , brain, 376, 377, auditor} oit,an, 
387 , abdominal poies, 401 , testis, 406, 
Mullerian ducts m male, 407 , dis 
tributiou, 511, 612 , habits, 512 , Bum- 
mer sleep, 513 , cocoon, 613 , nest, 614, 
615 , larva, 616 , relations with othei 
Dipnoi, 518, 519 , P aetluopxcm, 512 , 
P ajineoteiis, 609, 512 , P dolloi, 512 
Piotospivyyaena, 503 
Protospondyli, 4^7 
Protostigniata, 59 
Protosjngnathidae, Oil, 628 
Ptotosyng7iathus sit7nat7e7ms, 032 
Prototunicata, 110 
Psammodontidae, 446 
Putmmodits, 446 
Psammopeyta, bbO 
Psammosteidae, 526, 530 
Psainmosteus, 527 
Pseiies, 6 ^ 

Pse7iopsi&, b43 
Psephodiib, 446 

Psephm ICS, 4$^ > ^ gladius, 492 
P&etta {=^J8Ju7nhus), 067, 685 , P lunis, 
687 , P ynaxwncCi 686, 687 
Psettocles, 087, 684, 685 , P ct innti, 686 
Psettus, 666 , P sehae, 666, 667 
PsexidalTitei e% 724 
Pse^idechetieis, 568, 589 
Psexidettoplus, 672 
Pseiidtut/ opius, 586 
Psniddbagy xts, 588 
Pseitddbenj i, SOS 
Pseudohletmiii<i, 698 
Pseudobiachinm, 7 17 
Pseudocbromididae, 601, 663 
Psexidochromis, 6b 1 
Pse7idocon/nopo9na, 575 
Psextdugobio, 582 
Psexidomoxxamithus, 72 j. 

Pseudoonugil, 039 
Psexulophsiops, 659 
Pseudopruicanthxis, 060 
Pmiduscarus, 674 
Pseicdoscopehts, 64 I 1 642 
Pseudosphaerodoxi, 674 
Pseudosynymthm, 634 
Psexcdotyialis vncrodon, 44^ 
Psmdoxiphophorus, 616 
PsxZocephahts, 724 
Psilorhy77chus, 582 
Psychrolutes, 698 
Pteradis, 682 
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Pteraspidae, 3^7, 530 

Pterasjois, 5%7^ 530, 149 ; P. rostrata^ 527 

Pterichthys, 534i 149 j P, millei'i, 633 

Pterobrauchia, 21 f., 5, 31 

Pt&fois, 695 

Pteo'ophri/7iey 720 

Pierophyllum^ 672 

Pterojplatea, 4 S 4 ; P» Wlcm/raj intra- 
uterine nutrition, 435 
Pteropsariony 682 
Pteropsaron^ 705 
PterothrissuSf 648 
Ptei'ycmnhusj 682 
Pterygocephalus, 709 
PterygopUchthys, 595 
PtilidbthySf 709 
PtycJwbarbitSf 682 

Ptychodera, 17, 5, 13, 16, 25 n.; P. 

bahamensis, 5, 10 ; P^Jlava^ 10, 11 
Ptycbodendae, 17 
Ptyctodontidae, 4^^ 

Ptyctodm, 4 O 8 
Puffers, 726 
Punnett, 17 n., 21 n. 

Putnam, 619 n., 625 
Pycnodontidae, 4^8, 497 
Pycnodus, 498 
Pycnosteriux, 656 
Pygochord, 15 
Pyloric caeca, 274, 276 
Pyrosoona, 91, 91, 36, 37, 70, 86, 108 ; 
structure, 91 f., 92 j development and 
life-history, 93, 94 ; occurrence, 94 ; 
P. ahermosum, 94 ; P. atlanticum, 94 ; 
P. eUgmih, 94 j P. excelsior, 95 ; P. 
gigantetwi, 94 *, P. vunaimn, 94 ; P. 
spinosum, 94 

Pyrosomatwlae, 91, 81, 110 
Pyrrhvlina, 575 
PytJwnicIvthys, 605 

Quiunat Salmon, 566, 569 

Baad, 591 

Racoirid>(i, 56$ 

. Rdcoxitmia, 706 
Raderorgan, 129 
Raffaele, 614 n. 

Kag-Fishes, 644 

Raicb, 4^51 ; dermal spines, 184 ; pectoral 
fin, 243 ; teeth, 251 ; spiral valve, 265, 
266 J inter-renal bodies, 347 ; electric 
organs, 365 ; distribution, 461 ; colora- 
tion, 461 ; sexual dimorphism, 462 ; 
R, ghyssicola, 462 ; P. alba, 462 ; R, 
bails, 462 ; R. circula/ris, 462 ; R 
clavata, 462 ; P. fidlonica, 462 ; P. 
'nwxrorhyndhm, 462 ; P. mojcuTMa, 267, 
462 ; P mamillidens, 462 ; P. microcd- 
Uda^ 462 ; P. rmrrayi, 461 ; P. oxy- 
rhylficfms, 462 ; P radicda, 462 
!Baiidae, 451 
VOL. VII 


Ramsay, 635 
Raniceps, 64S 
Ranmnia, 727 
Rasbora, 682 
RatJibunella, 661 
Rays = Pam, q.v. 

Rectal gland, 276 
Red-currant Squirter, 74 
Red Mullets, 665 

Regcdecus, 715 •, P banksii, prehensile 
tail, 163 ; P glesne, 715 
Regan, 542, 595 n., 643 n., 646, 702, 
721 

Reinhardt, 579, 594 

Remora. 691 ; cephalic sncker, 161 ; R^ 
bjachyptera, 691 

Renal organ, of Ascidians, 54 ; of Fishes — 
see Kidneys 

Reproductive organs, of Hemichordata, 
16, 25 ; of Tunieata, 55, 67, 76, 93, 97, 
105 ; of Amphioxus, 129 ; of Fishes, 
402 f., 400, 403 
Respiration, mechanism of, 288 
Respiratory organs — Elasmobranchii, 276, 
278 ; Oycloatomata, 279, 280, 281 ; 
Holocephah, 282, 283 ; Teleostomi, 282, 
283 ; Dipnoi, 286, 286 ; mechanism of 
respiration, 288 ; larval gills, 289, 290 ; 
air-bladder as a respiratory organ, 291 ; 
accessory organs of respiration, 292, 
293, 294, 295 
Retropinna, 666, 566 
Retzius, 113 

RJiabdocynthia, 75 ; spicules, 87 
Rhahdopl&ara, 21 f., 5, 26 f. ; P. com- 
pacta, 23 ; P. grimaldii, 23 ; P. 
manuhialis, 23 ; P. nonnani, 22, 23, 

26 

Rhachicentridae, 677, 676 
RJiachicentrum, 678 
RJiamphichitiys, 579 
Rhamphocottidae, 697, 694 
Rhamphneottus ricJiardsonii, 697 
RhamphognathiLS, 64O 
Rhamplvostenia/rchus, 679 ; P. cfarmrostris^ 
680 ; P. taviandua, 680 
Rhmnphosus, 63$ 

Rhina, 457 ; P. sguatma, 466, 457 
RMneaster, 589 
RMnelepis, 595 
Rlvmellus, 611 
Rhinichthys, 682 

Rhinidae, 456, 468 ; persistent nephro- 
stomes, 401 

Rhinobatidae, 450, 458 
Rhinobcdus, 46O ; P. gramdatm, 460 
RMnodon, 454 \ P» typicm, gill-rakers, 
287 

Ehinodontidae, 454 
Rhiiiodoras, 359 
j Rhmogobw, 582 
I RMnopUra, 455, 466 

3 0 
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Kliipidistia, 4^7 11 
Rhizodonticlae, 202 
Jtlnzoclnpsi^, 479, 228 ; R. sanioide^, 
skull, 478 
Rhizodm, 47^i ^02 

RJiodeicSf 562 , R ainaru% 584 , o\iducil 
tubes, 408 , enibrj os in gill-cavities of 
UmOi 416 
Rhodichthi/s, 712 
Rhodusoma^ 73 , R udlen^t^ 72 
liliomhatr actus ^ 639 
Rhomhoidiclithys, 687 
Rhoiribosolea, 687 

RJiomlius, 687^ 264 , R ituileatm, 262 , 
R maxtmus, 264, 275 — see also Psetta 
Rhijadclithijs^ 689 
Rhynchohatus^ 460 
Rhymhdbdellai 717 

RJiynthodiiSi 468 

RJiyjpticus^ 660 

llibhon-Fish, 715, 152, 160 

Eibs, 205 

Eidewoorl, 542 n 

Rita, 588 ; R ciucigeia, 303 

Eitter, 8 n , 39, 83, 690 n. 

Rhoul'u^, 616 
Eockliugs 649, 288 
Kohde, 113 
Rohteivhthya, 582 
Eolpb, 113 
Romleletm, 614 
Rosette-organ, 97 
Eoule, 38 

Rowntree, 579 n., 621 n. 

Rudder-Fisli, 643 
Ruvettm, 679 
Ryder, 711 n. 

Sacainus, 720 
Sacchi, 696 n. 

Raccohi aridius, 588, 590 ; air-sacs, 295 ; 

S Joss ills, 295 , 3 smgio, 296 
Saccodon, 576 
Saccopbaryngidae, 603 
Saccop1ia'tyn% 6O4 ; S ampxdlaceus, 
604 

Sachs, 581 n. 

Sagemehl, 542, 573, 575, 579 n, 586 n, 
649 n 

Sagenodus, 507 
Sad-Fishes, 679 
Salanx, 566 
Salanas, 709, 710 
Salensky, 39, 411 

Salminus, 575 ; S orbigmaxius, 578 
Sodmo, 565, 666 f , 667 , 290, pyloric caeca, 
275 ; spiracles m the embryo, 283 , 
pseudobranoh, 284 , S. al^pinus, 567 , 
3, far 10, 567 ; caudal portion of the 
vertebral column, 237 , pectoral girdle, 
240 ; dissection to show the mtemal 
organs, 256 ; brain, 876 ; section of the 


e>e, 394, fontiualis, 567 , 3, indiu% 
567 , S» sulai (Salmon), 567, 323 , skull, 
211 f, 212, 213, 214 , kidneys, goiio 
ducts, and abdominal poies lu the 
lemale, 405, 406 , deposition of eggs, 
415 , length of hatching, 417 , 
sahelimis, pectoral fan, 243 , 3 stom 
achiLUS, gizzaid, 260 , 3 tuitta, 667 
Salmon, 566 f. — see also 3almo salat 
Salmomdae, 565, 544, 269 ; distiibutiou, 
666 , liver, 272 , abdominal pores, 402 , 
oviducts, 405 , eggs, 411 
Salmopeicae, 630 

3alpa, 101, 36, 37 , aiiaugement of 
zooids, 102, 103 , stiuctuie, 104, 106 , 
alternation of generations, 105 , develop- 
ment and life-histoiy, 106 , classihca- 
tion, 108 , 3 demociatica niui ronuta, 
young, 107 , 3 hexagona, 106 , 3 
pmrmta, endostyle and stolon, 103 , 3. 
tuncmafa-fusifounis, 102, lOS — see 
also Oyclosalpa, lasts, Piqia, and 
Tludia 

Salpians, 64 „ 

Salpidae, 101, 39, 110 
Salvelinus, 567 
Sand-Eel, 639, 275 
Sander, 659 
Sarcodates, 675 

Saida, 618, 3 otientalis, caudal fin of, 

676 

Sardine, 664 
Satditttotdes, 611 
Satdinius, 611 
Satgus, 666 
Sais, G 0, 21, 23 
Sars, M., 21 
Saurenchelys, 601 
Satmda, 611 
Saune, 638 
Sav/rocephalus, 561 
SauTodou, 661 
Saurodontidae, 661, 544 
Sautogdbio, 582 
Sauropsida, I45 
Saurut, 611 
Saury Pike, 41 1 
Savi's vesicles, 384 
Savigny, 36 
Saw-Fishes, 457, 469 
Scabbard-Fish, 679 

Scales, 186 f , Acxpmset mthsnus, 187 , 
Antenmrvus htspidus, 191 , Rahstes 
capriscus, 191 , Cmti iscus s< olopax, 190 , 
Rypostovm tOTurmrsonii, 192 ; Ijepi- 
dosteus, 188 , X. osseits, 186 ; Mom- 
canthus scopas, 191 ; Scdm fatw, 190 ; 
as an index of age, 191 
Soapanwlvynchm, 468 
Scaphtrhyncfms, 495 ; 3, plalyrhynchus, 
495 

Scandae, 674, 651, 654 
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i^icaius, b74i teeth, 251, S strongylo 
cephaht^ pharyngeal bones, 674 
SLatQphag%(Si 668 

S aumenacia^ 606, 519 
S hilbe, 5S8 
Sckilbithtliys, 688 
Schimke-witsch, 21 n 

Sduzooanliiim^ 17 ^ 5, 6, 13 14 , S 

b) (isiliense, 6, 13, 14 
Sthizothooai 582 
bchlosser and Ellis, 36 
Schmidt, 705 n 
Schmidt, C , 37 
Schuapper, 665 
Schultz, 29, 30 
J^Liades, 588 

Suaem, 66 $ , iS' aquila^ 663, 862, 361 
Sciaenidae, 663, 653, 361, 363 , branching 
ot the an bladdei, 303 
Sois'ior, 676 
Sderocottus, 698 
Sclerodermi, 7^2 i, 721, 357 
8deTognathus, 681 

Sderopages, 665 , >Sf l&ichaidti^ 666, 558 
Scleroparei, 69^ f , 651, 652 
8oler<yrhynch'n,% JfiO 
Scohodcn, 448 
Scolopsis, 664 

SmrdieT, 678, 272 hrachyuius, 357 
S colias, 302 , ^ pneuniatophoms, 302 , 
S scombt'ns, 678, 275, 302 , coloration, 
168 

Sconibramphodon 678 
Scombresoces, 636 n 
Scombresocidae, 637, 636 
Scomh eso r, 6S8, 411 
Scombridae, 678, 676, 158 303, 412 
Scombrifoimes, 676 f , 651, 652 
Scombrimis, 678 
Soomh odupea, 66$ 

Smnhooottus, 697 
Scoiribrocypris, 68$ 

Sconibrops, 660 
Scopelwi chus, 611 
BcopeUngys, 611 

Scopelidae, 611, 606, 302, 396 , photo 
phoies, 178 
Scopelogadus, 656 
Scopdotdes, 611 
Scopdosaurus, 611 

Scopdus, 611, 613, 620 S henmtn, 
photophores, 178, 179 181 , S' eroco 
d%hi% 612 

Scovpama, 695, 693 , S grandxcornu, 696 
ScoipamyMhys, 698 S fmriimatxis, 
pectoral arch of, 693 
Scorpaenidae, 694 153, 418 

Scorpa67io%des, 696 
Scorpididae, 666, 651, 652, 658 
Scorpis, 666 
Scyllaemus, 665 

Scylludae, ^6, 401, 402 , fossil, 447 


Stylliogaleiis 44^ 

'xyllu ihimis — see St yllmm gixofando} um 
'■xxfllum, ff46, 198, 271, 44b dermal 
dentitles, 184, tteth m einbijo, 249, 
internal organs, 263 , spleen, 343 , fossil, 
447 , S cemebccns, 447 S caniaila, 
446 \ertebral column, 193, 194, 196, 
skull, 207 f, 208, spiiil ^ahe, 267 , 
liver, 273 pancreas, 273 lateral \ ems, 
318 n , biam 373 , abdominal pores, 
iOl OMparous, 433 , attachment of 
eggs, 434 , supra and inter renal bodies, 
346, 433 , S catuhis, 446 , 8 {Scyllio 
‘thinu'i) piofundoi HM, 447 
Styxiinns, 4^6, 456 , vertebial column, 
198 

Scjphophoii 54$ 

Scytalina, 712 
Sea Breams, 664 

Sea Horse, 634, 154, 163, 361, 362 
bea Snails, 699, 411 

Sebastes, 696, 692, 693 8 noiitgims, 

419 , /Sf percQides, pectoral aich, 693 
^ectatox, 667 
Seeligcr, 39 

Sdache{Qetorhinu^) ^5^,264, fossil, 454, 
S aurata, gill rakers, 287 , 8 xncu ma, 
463 , gill rakers as a plankton -falter, 
287 , distnbution and food, 453, 454 
belachn, 443 148 
SdachojjJndmm, 712 
^lene 677 

Selenichthjes, 627, 629 
Semiouotidae, 4^7 
Setnionoitcs, 4^8 
Semiopihonis, 677 
Semiplotus, 682 
Semon, 610, 593 
Semper, 626 

Sense organs, of Ascidians, 63 , of Am- 
phioxus, 128 , of Fishets 383 
h&nola, 677 
S&rioUlla, 64s 
Seiiolichthys, 677 

Serramdae, 66% 651, 652, 653, 361, 389 
Serraninae 059 

JSefranus, 65% 660 , hermaphroditism, 
420 , S cabrilla, 660, 420 , 8 hepatus, 
660, 420 , *8 scnba, 660, 420 
^8errasalmo, 676 , S niger, 578 S rhom 
hem, mouth, 677 
Serrasalmoninae, 676 
S&rmovier 60$ 

Setarchea, 695 

Sexual dimorphism, 419 f , 432, 462, 469, 
471, 483, 600 
Shad, 664 

Shape of the bodj, in Fishes, 162 
Sheep’s Head, 665 
Shipley, 20 n 

Sicyases, 709 , S sanguineus, 708 , sucker^ 
162 
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Siel-Smelt, 569 
Sik, 568 

Sillaginidae, 662, 653 
Sillago, 662 
Siloiidia, 5SS 
Siluianodon, 58S 
Silu) lohthys, 58S 

Silundae, 586, 575, 163, 251, 275, 283, 
"barbelb, 154 , intestinal respiration, 292 , 
accessory respiratory organs, 293, 294 , 
air-bladder, 302, 303, 305 , sound pro- 
duction, 356 - 361, 363 , connexion of 
the ail bladder and auditory oigan, 389, 
390 , nests, 416 , protection ot joiing, 
593 

Silurinae, 588 
Sditrodon, 688 

Shim us, 588, 342 , S glams, 592, 593, 
358 

Silvestri, 594 

Swundielys, 601 , S •pai asiUcm, 603 
Simple Ascidians, 35, 36 f, 39 t , 70, 71, 
110 

Shnip&na, 659 
Siphons, 43, 53 
Sipho7iQgmthu8, 67 

Siphonostoma, 68^, S, typhU, protective 
coloration, 172 
Sirenoidei, IJ^ 

Svsoi, 588, 589 
Skates = Raia, q v 

Skeleton, of Bnteropneusta, 14 , of Am- 
phioxus, 119 , of Fishes, 193 f 
Skin, of Cyclostomata, 182 , ot Fibhes, 182 
Skull, composition of, 206 , development, 
206 , canu ula, 207, 208 , 

Salmo salai, 211, 212, 213, 214; 

Cyclostomata, 216 f , Petiomy^n 
wannus, 216 f , 217 , Bdellostorm, 
220 f , 220, 221 , Elasmobranchii, 222 f , 
NoUdan'iis cimreiis, 222 , Chimaein 
monstiosn, 223 , Choudrostei, 224 f , 
Sturgeon, 224 , Polyoclon, 226 , Crosso- 
pterygii, 226 f , Polypterus, 227 , 
Holofatei, 228 f. , Teleostei, 229 f , 
Dipnoi, 231 f. , Protopt&) us, 231 f , 232 , 
Lepidosireifi, 231 f., 233 
Sluiter, 38 
Smelt, 568, 411 
Smitt, 569 n , 714 n 
Social Ascidians, 71 
Sole, 687 

Soha, 687 685 ; S. 'mdqans, 686, 687 
Solenocytes, 29, 126, 127 
Solemgnathihs, 634 
Solenorhyndmis, 634 

Solenostomidae, 6SS, 626, 627, 628 , mar- 
supial pouches, 416 
Solmostomm, 63$ 

Soleotalpa, 687 
Sollas, 1 , 522 


SolUs W J, 522 
Sorensen, 355, 590 n 
Sutubim, 588, 361 
Sosia, 588 

Sound pioduciiig oigans, 355 f 
Spalt-papillen, 384 
Spaviodon, 563, 564 n. 

Spaiidae, 664, 654, 308, 389 ; teeth, 251 

Sparisoma, 674 

Spamodus, 665 

Spams, 66 J, S umcolo), 665 

Spathiutus, 545 

Spathodattylus, 561 

Spengel, 5, 7, 8, 13 n , 16, 17, 18 n., 19 
Spengelia, 17, 5, 6 
Spermatozoa, 413 
Sphaoodon, 665 
Splienacanthvs, 44^ 

Sphenouphalus, 656 
Spln/rama, 642 
Sphyraenidae, 64^, 637 
Sphyraenodths, 678 

Sphyrna, 44^3 1^3 , liver, 272 , fossil, 
450 , distribution, 449 , S malleus, 
266, spiral valve, 266, 267, S Uhwo, 
460 , S tudes, 449 , S %ygasm, 460 
Sphyrnidae, 44-9 
Spmaumdms, 733 
Sxnnadim, 630 , S vulgaris, 631 
Spmacidae, , photophoies, 179 ; fossil, 
456 

Spinal cord, 367 
Spinal neives, 378 
Spinal, 4^5 
Spuuvomey, 603 
Spiny Dog-Fish es, 455 
Spiracle, 279, 283 

Spiracular pseudobianch, 279, 284 , in 
Teleostomi, 284 , blood supply, 335 
Spnal valve, 264 f. 

Spix, 558 n 
Spleen, 342 

Spoon-Bill, 491 , =Polyodon, q v 

Sprat, 564 

^tmlwha'ibihs, 582 

Sgualoraia, 468 

Squaloi aiidae, 4^8 

Star-gazers, 156 

Starks, 627 n 

Steatogenys, 579 

Steenstrup, 36, 685 n 

Stegtphilns, 589 , S, lyisidiosvs, 594 

Stegostoma, 44^ ? ^ tignnum, 446 

Stemdadinenn, 647 

Steinegena, 682 

Stenodus, 565 

Stephanoberycidae, 619, 606 
Stephanoh&ryx, 619 , S. gilhi, 620 ; S, 
monae, 620 

Stereobalanus, 17, 6 , S canadensis, 16, 17 
Stefreolepis, 659, 660 
Sterlet, 493 
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S>tey chuSi o79 ^ A alhij')07i>^^ 680, A. 

macrostoma, 680 
Stenioptj chill ae, 571 
Sternoptyx, 571 ^ A dxaplmna^ 671, 178 
7iUinopygu% 579 
Titichoiiodoni 575 

Sticklebacks, 630, 163, 169, 288, 364, 
357 

Stigmata, 47 , of Appendicularians, 67 , 
of Cj clomyari i, 95 
Stigojuitopho) us^ bSJf^ 635 
btoloii, 71, 93, 95, 97, 103 
Stolonial budding, 81 
9itomato7l\%mia imcrops^ 551 
Stoonias, 571, 572 

Stomiatidae, 670, 545 , photophores, 178 

Stomiatinae, 571 

Stoinodaeiim, 59, 120, 136 

Storms, 691 ii 

Stratodvs, 623 

Titrepsodiis, 473 

Stridulation, 356 

Stromateidae, 643, 637 

Titromateoules, 643 

}^t7omateus, 643 

Sturgeon, 154, 334, 493 , Acipeoxser, q v 
Styela, 74% 76 , branchial sac, 74 , A 
hythia, 76 , S clam, 76 , A etheridgii, 
dorsal tubercle, 79 , >Sf sguamosa, 76 , 
S lohitekggii, dorsal tubercle, 79 
Styelmae, 74 , tentacles, 76 
Styelopsis, 74 , branchial sac, 74 , A. 

gtossulana, 74, 76 
StygiLola, 713 
Stygogenes, 595 
Stylophoms, 716 

Sucker Fish (Sucking Fish), 691, 161 
AWw, 611 , S gigas, air-bladder as a 
respiratory organ, 291 
Sun -Fish, 657 {Leporms) , 727 {Ortka 
goitsaus) —see also Oitliagonscus 
Supra-pericardial organs, 344 
Supra-renal bodies, 346, 346 
Surf-Fishes, 670 
SiMnnerton, 673, 627, 686 n. 

Sword-Fish, 681, 154 
Symbranchidae, 697, 288, 294 
Symbranchii, 697 f. 

SymbramJvas, 597, 598, 166 
Syxnphurus, 687 
^nphysodon, 672 
Synagns, 664 
8ynagrdp$, 659 

Sywmcm, 696 , A vernLcosa, poison-glands, 
177 

Synaphobranchidae, 603 
^napkohranchus, 60S 
Synapticula, 13, 12, 122 
^ynaptura, 687 
Synascidiae, 80, 36 
Synchvrus, 698 
Bynecfiodm^ 44^ 


bjngnathidae, 664 , 627, 628, 163, 205, 
251, 354, 361, 416 , colours, 166 , jiro- 
tective coloration, 172 
Syiignathu% 6 S 4 , 627, 635, mouth, 154, 

>Su aLU% 262, 271 , A. %7itest%nalis, 635 , 

S. pelagiLUS, 634 

Hyxiodontis, 588, 590, 359 , A hateyisoda, 
591 , A decoTiis, 691 , A membranaceixa, 
591 

Syoiteg modus, 549 

Tadpole, Ascidian, 69, 62 
Taeniolabmis, 706 
Taeniosomi, 714 ^ > 651, 652 
Tamiobatidae, 4^3 
Taxnwhafis vetustns, 402 
Taiactes, 682 
Tarpon, 647 
Tarrasiidae, 477 n* 

Tan asms prdblemalicxLS, 477 11 
Tattersall, 187 n 
Taaredopiudiim, 712, 713 
Tali'! oglosms, 17 n 
Taiitoga, 673 
Taj lor, 599 n. 

Tectospondylic, 198 

Teleostei, 6O4, 64I f. ; classihcation, 542, 
543, 149 

Teleostomi, 473 f., 149 
Telepliolis, 615 
Telescope Fish, 685 
Telescops, 659 
Teltia, 616 
Tdimthmna, 639 
Telolecithal, 409 , 410 
Tench, 683, 171, 260, 320, 321 
Tentacles, of Ascidians, 44 , of Amphioxus, 
116 

Test, 40, 63 , of Appendiculanans, 66 
Testa cells, 66 
Tetkyum, 36 
Tetragonoptenis, 675 
Tetragonundae, 6J^, 687 
Tetragonunis ciivien, 642 
TetrancTmiichthys, 689 
Tdraptwras, 680 , T hdone, 680 
Tdraroge, 695 

Tel/rodon, 726, 152, 364, 361 , warning 
colours, 163 ; scales, 191 , teeth, 251 , 
T. honckmvu, 862 , T 'nibn, pectoral arch 
of, 722 

Tetrodontidae, 726, 722 
Tetxonarce, 4^4 
Teuihis, 669 
Teuthididae, 668, 654 
ThalassophTyne, 7ll , T Tetxculata,poi%oxL 
glands, 177 
Thalassothia, 711 
Thodevchthys, 666 

TkaZia, 108, T, dmocfratim 'nmartmaia, 
108 

Thaliacea, 95 f., 38, 64, 81, 110 
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Tkaimatostomas^ 571 
Thaitmahii'us^ 5^5 

Thelodns, 5^4 I 624 , T hdensis, 

525 

Tlierapon, 060, 361 
Tliilo, 682 n. 

Tlwracopterus, 545 
Thoracostei, 6:^7, 6:^0 
Thread-cse^s, lu Myxinoids, 182 
ThreptermSf 664 
ThiesTier Shark, 451, 462 
Thrmopatefr, 562 
Thrissopatnnae, 562 
Th) issop% 54^ 

Thryptodus, 5^ 

ThuKiniLs, 67$y 276 T* thynnus, 678 
Thursiiis, 477 
Thylacium, 89 

Thyniallus, 565, T x^ecillifer=vulgaus, 
568 

Thymus, 344, 345 
Thyrina, 6S9 

TKyroid gland, 46, 843, 344 
Thyrsntes, 679 
TJiyrsitocephcdus, 679 
Thyrsohdm, 605 ; T. tmcntni, 605 , T. 
mdmgris, skull, 604 

Thlapia, 671 , T dmdemii, 671 , T^dolloi, 
152 

Tile-Fish, 661 

Tinea, 583, T, mlgaris, 588, 171, 260, 
320 , renal portal system, 320, 321 
Titanichthys, 587 
Todaro, 39 
Tongue, 262 

Tongue-bars, 12, 12, Id, 120, 135 
Tope, 449 

Tornana, 18, 18 f., 28, 31 , T agassizii, 
21 , T. grenaclmi, 19 , T Arohni, 19 
Torpedmidae, 462 

Torpedo, 46 $ , electric organs, 366, 366 , 
T, Iiebetmis, 463 , T omiinorata, 463 , 
T natce, 463 , T, oedlata, 463 
Toseotes, 658 , T jaculator, 658 
Toxotidae, 658, 653 
Tmehdockismus, 709 
TracheLyoptefnis, 589, 361 
Trachichthys, 656, 655 
Trachmidae, 704, 703 
Trachinops, 659 

Trachimis, 704 5 warning colours, 174 , 
poison-glands and spines, 11%', T dtaeo, 
705, 176 , pectoral arch of, 703 ; T. 
vipera, 705, 176 
Trachyglanis, 588 
Trachynotus, 677 
Trachypoma, 659 
Trachyptendae, 715, 152 
Trachypterus, 715 , T arcticua, 715 , T, 
ins, 716 ; T, ta&nta, 1 60 
Trachyrhynchus, 647 
Traquair, 436, 623, 630, 637, 687 u. 


Tiaustedt, 38, 101 11 * 

Treinataspidae, 5S0 
T)emata<i2}iif, 580 
Trenuttomus, TOO 
Treinblador, 680 
Triaoautliidae, 7J3, 721 
Tnacanthodes, 733 

Triacanthus, 723 ; scales, 190 ; sound- 
production, Z57 T biacuhatus, 361 , T, 
hreinrost) is, 361 , pectoial arch of, 722 
Ti ichi u r li li th ys, 679 
Trichmndae, 679, 676 
T/ichiurus, 679 
Tnehodon, 668 

Trichodontidae, 663, 654, 704 
Trichogastei , 669, 293 
Tricliomycterinae, 589 
Ti idiom ycterus, 589 
Trichonotidae, 706 
Trichonotus, 706 
Trigger-Fishes, 724, 174, 357 
Tngla (Gurnards), 701, 693; liver, 272, 
air-bladder, 305 , sound -production, 
361, 363 , T cucidus, 701, 363 , T 
gimmrdus, 701, 363 , rectal valve, 254 , 
T. himndo, 701, 363 ; T hnmta, 701 , 
T lyra, 701, 363 ; T, nhscum, 701 
Triglida'e, 700, 694 ; coloration, 1 64 ; 

sounds, 361, 363 
Tiiglops, 698 
Tnglopsis, 697 
Tngonodon, 665 

Trwdon, 733, 721 , T, hursanus, 728 
Triodontidae, 733, 721 
Tnplophos, 571 
Tnpteiophyds, 646 
TrissoUpis, 437 

Tristishoptents, 478 , T, edatus, 479 
Tnstychius, 445 
TroglicMhys losae, 019 
T'lopheiis, 671 
Trophozooid, 98, 100 
Tropidichthys, 720 
Troschel, 682 n. 

Trout, 666 f., 667 , Brook-, 567 ; Brown, 
567 , Gillaroo, 260 , Sea-, 567 
Trumpet-Fish, 154 
Trunk-Fishes, 72f 

Tiygon, 4^4 J opines, 177 , uterine nutri- 
tion, 434 , T pastinaca, 464 ; T, sahim, 
464 

Trygonidae, 464, 466 
Trygonorhina, 46O, 461 
Trypaudmi, 689 
TrypmeherwMhys, 689 
Tunic, 63 

Ttimcata, 63, 35, 36 f., 89, 4, 80 n. ; 

aflSnities, 62 , external form, 64 
Tunicine, 37 
Tunny, 678, 678 
Turbot, 687 
Turner, 693 ru 



INDEX 


759 


Twait Shad, 564 

2'yphlichtJvifs^ 618 ; T. ru&ae^ 610 ; T, 
suhterQ'aneus, 619 

Ti/j)hlogobmSj 689, 304 ; T. califivrnunm^ 
690 

Typhlomis, 71SI, 713 ; T. nusus, 712 
Typhlosole, 54 

Ul.]anm, 39 
Llocentra, 659 

Umbra, 609 ; U crameri, 610 : U. Hmi, 
610 

Umbrina, 668 ; U. cirrliom, 361 
Uiidina, 4^1, 161 ; U. gvlo, 480 
Umo, Rhodeus in, 584 
UpeneichtJiys, 665 
Upeneoides, 665 
Upeneus, 665 
Uranoscopiclae, 706, 703 
UramscopxLs, 706 ; eyes, 155 
Urenchelys, 601 
Urocampvs, 634 
Urochord, 66 
Urochordata, 4 , 68, 38 
Uroconger, 601 
Urogymnus, 4^4 
Urolepis, ^57 
UrolophiLS, 464 
XJronemulae, 507 
Uronermis, 507, 619 
Urosplim, 683 
Ussoff, 38 

Vaillant, 696 11 ., 621 n., 720 n. 

Valleiitiii, R., 608 

Vandellia, 589 ; T’'. cirrhosa, entering 
urethra, 593 

Vascular system, 313 f. ; general, §13 ; 
Cyclostomata, 315, 327, 329, 330 ; 
Elasniohrauchii, 316, 318, 327, 328, 
330, 331, 333, 334 ; Teleostomi, 319, 
320, 321, 322, 328, 333, 336, 336, 337; 
Dipnoi, 323, 324, 326, 329, 338, 340 ; 
hlood, 341 ; blood-glands, 342 
Velum, 120 
Vendace, 668 
Venous system, 316 f. ^ 

Vermiform process, of mteropneust^, 14, 
17 

Vertebral column, 193 f.* Scyllmm cani- 
cula, 193, 194, 196 ; Oyolostomata, 
197 ; Blasn?Lobran6l)s, 197, 198 ; Ghi- 
•niaera monatrosa, l99 ; Dipnoi, 199 ; 
Ohondrostei, 200 ; Acipmaer stwno, 
200 ; Crossopterygii, Holostei, and 
Teleostei, 201 f . ; Amia, 201, 203 ; 
LepidosUus, 201, 204 ; OaPimisfiercatua,^ 
203 ; Ettrycomms speciosna, 208 ; 
Gadus morrhua, 206 
Vertebrates, characters of, 3 f. 

Vessels, of Ascidians, 41 — see also Vas- 
cular system 


VidaUa, 546 
Vipau, 592 
Virebia, 689 
Visceral arches, 207 
Viviparous Fishes, 418 t, 433, 435 
Vogt, 37 
Vom&tdpsis, 677 
707 

Wagner, 595 n, 

Waite, 643 
Walking-Fish, 690 
WcUlago, 588 
Warington, 630 n. 

Watase, 685 n. 

Weber, E. H., 573 
Weber, Max, 661 
Weberian ossicles, 389, 573 f. 

Weevers, 704, 174 
Weiss, 568 {■=^ Coregoniis) 

Weiss, F. E., 126 
Weis, 693 
Weytheimeria, 588 
Wetterfisch, 585 
Whiff, 687 

Whip-tailed Rays, 464 
Whitebait, 564, 608 
White-Fish, 568, 669 
Whiting, 649, 168, 275 
Whymper, 595 n. 

Willey, 5, 7, 9, 11, 13 n., 15 11 ., 16, 19 n., 
58 n., 113, 633 
WiUeyia, 17 n. 

Williamson, 602 n. 

Wilson, 113 
Witch, 687 
Wodnika, 44^ 

Wolf-Fishes, 710, 251, 408 
Woodward, A. Smith, 458, 477 m, 480 
n., 497, 541 n., 542, 543, 622, 624, 626, 
680 

Wrasses, 673, 164, 166 
Wright, Ramsay, 687 
Wyman, 593 n., 696 n. 

Xanthochroism, 171 
Xmichthys, 659 
Xmodicurax, 576, 678 
Xenocypris, 588 
Xenocys, 669 
Xenodefirmichthys, 570 
XenoTtiystus, 555 
Xmopholis, 4^^ 

Xenopteri, 708 
Xenopterus, 786 
XemtUapia, 671 
Xiphasia, 709 

Xiphias, 681 ; beak, 164 ; X gladius, 
681 

Xiphiidae, 681, 676 
XiphiorhynchAis, 680 
Xiphisteis, 709 
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Xiphostomcty 576 
Xiphostominae, 576 

Yarrell, 112 

Zalocifs^ 677 
ZandiiSt G68 
ZayiioJejpis^ 696 
Za^teri/a^ 460 
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Zeidae, 083, 3(31 

Zenion, 083 

Zeorhombi, 66^*? f , 651, 662 

ZeitgopUins, 087 

Zms, 683 , Z Jaher, 683, 361, 363 , reel 
gland, 308 

Zoaicei, 71%7\% i Z oivipiuus, 419 
Zoarcidae, 713, 704, 361, 395 
Zograf, 697 n. 

Zygaena, 44^ 
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